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Chemical  Analysis  of  Luminescence 


#  107.  EXCITATION  AND  RECORDING  OF  RADIANCE  DURING  THE 

SITCLTTATIVE  ANT)  SUXHTmTTVE  CHEMICAL'  ANALYSTS' "< 


EXCITATION  OF  LUMINESCENCE.  The  photo-excitation  can 
be  effected  by  any  of  the  three  methods  indicated  In  Fig  202. 
From  the  emission  spectrum  of  the  source  (1),  through  a  fil¬ 
ter  (2),  a  narrow  spectrum  band  has  been  serrated  which  then, 
by  means  of  a  condenser  (3),  will  be  focused  on  the  Investi¬ 
gated  object  (5).  The  recording  part  plus  setup  can  be  per¬ 
formed  In  many  different  ways. 

♦  For  a  qualitative  analysis,  quite 

often  a  visual  observation  of  the 
j \  )j  radiance  is  all  that  Is  required. 

vZsuMtosMer  To  n*®**1*  the  integral  Intensity 

mu  •unnijm  of  the  radiance,  photometers  *re 
•  ,  *  *  being  used  into  whose  opening  the 

*  luminescence  will  be  focused  by 

s  a  condenser  (4).  In  those  oases 

— S  when  it  is  necessary  to  determine 

4<^X^S*  \  the  energy  distribution  In  the  spec 

i  '  >-47  trum  of  luminescence,  a  spectro- 

Am  tacseemrneemm  photometric  devise  (6)  is  used 

J *  /  *  •m**»**P1*-  instead  of  a  photometer.  Here, 

either  the  watcher*s  eye  (a  visual 
,  method)  or  a  photo-film,  photo- 
i  » .  element,  photo-ampllfler,  etc. 

(an  objective  method)  can  serve 
j  as  the  receiver  of  emissions  (7). 

1  ^  c  r  x-tLiMmimp  Regardless  of  the  method  of 

the  «*P®rlment  applied  rays  of  the 
™  exciting  light  can  enter  the  receiv 
Fig.  202.  Thrta  possible  er  together  with  the  luminescence, 
ways  of  exciting  the  luml-  The  moatdraatic  errors  may  occur 
nescencei  a-  front  excltta-  when  the  radiance  to  be  metered 
tlon;  b-  side  excitation;  has  a  low  intensity,  and  the  re:- 
c-  through  excitation;  1-  elver  Is  very  sensitive  in  the 
lighting  source;  2,2'-  cr-  frequency  range  of  the  excitlrv 
ossed  light -filters;  3#1*-  light, 

condensers;  5-  object  to  To  prevent  the  above,  a  raethoa 

be  investigated;  6-  mono-  of  crossed  filters  Is  being  appl!» 

chromator;  7-  receiver  of  Immediately  after  the  source  (1), 

emAaaion.  a  filter  (2)  is  mounted  which  wlV. 

absorb  the  visible  part  of  the 
spectrum,  and  will  let  through  th<- 
ultra  violet  emission.  A  second  filter, (2')  mounted  after  vm* 


Fig.  202.  Three  possible 


condensers;  5-  object  to 
be  investlgsted;  6-  mono¬ 
chromator;  7-  raceiver  of 
emAaaAon. 


analyzed  object  (5),  will  let  thrfum  the  luminescence  lignt 
but  will  completely  absorb  the  exciting  rays. 

Ir.  those  cases  when  it  is  necessary  to  determine  the 
cnape  of  the  luminescence  spectrum,  the  method  of  crossed  fil¬ 
ters  can  be  ueed  only  with  a  certain  reservation.  It  is  hard 
to  select  such  a  light-filter  (21)  which  would  fully  absorb 
the  light  of  luminescence.  In  practice,  this  filter  will  al¬ 
ways,  to  a  certain  degree  absorb  the  emitted  radiance  (and 
not  evenly  ae  per  its  spectrum)  this  distorting  the  shape  of 
the  luminescence  spectrum  Itself. 

The  most  often  used  method  of  excitation  i3  shown  in  Fig. 
202, A.  Here,  the  rays  of  the  exciting  light  are  directed  at 
an  angle  of  J0°  -  45°  to  the  specimen  surface.  The  watching 
is  done  at  90°  to  its  surface.  With  such  arrangement  of  appa¬ 
ratus,  only  a  negligible  part  of  the  exciting  light  rays  dis¬ 
sipated  by  the  vessel  walla  and  the  surface  of  the  object 
itself,  will  enter  the  receiver.  The  above  setup  has  no  par¬ 
ticular  advantage  in  those  cases  when  the  investigated  object 
is  avidly  absorbing  the  rays  of  the  exciting  light.  They  are 
only  slightly  penetrating  the  object  mass,  and  the  receiver 
will  record  the  actual  radiance  emitted  by  the  specimen  surface 
At  the  same  time,  the  Influence  of  the  luminescence  secondary 
absorption  (see  below)  is  reduced  to  a  minimum. 

Sometimes,  it  is  convenient  to  use  the  method  shown  in 
Fig.  202, B,  where  the  rays  of  the  exciting  light  are  at  90° 
to  the  direction  of  observation.  The  above  method  is  being 
applied  when  working  with  solutions  which  only  to  a  very  Bmoll 
degree  are  absobing  the  rays  of  the  exciting  light.  It  is 
there  assumed  that  over  their  entire  travex  through  the  solu¬ 
tion,  the  exciting  rays  have  a  constant  Intensity  of  radiance. 
With  such  a  setup,  the  Influence  of  the  dissipated  light  can 
be  reduced  to  a  minimum  to  lower  the  secondary  absorption,  the 
the  light  source  should  be  positioned  in  such  a  way  that  the 
radiance  was  excited  along  the  front  wall  of . the  vessel,  at  90° 
to  the  direction  of  watching.  The  above  method  la  used  when 
It  is  nmceasary  to  take  into  consideration  the  percentage  of 
the  exciting  light  which  was  absorbed  by  the  emanating  subst¬ 
ance;  likewise,  the  above  method  is  suitable  for  metering  the 
degree  of  the  radiance  polarization. 

When  metering  the  polarization,  either  a  polarized  or 
natural  light  is  used  as  a  source  of  excitation.  With  the 
former,  the  degree  of  the  radiance  polarization  is  much  hlgner 
than  with  the  Intter.  Formula  { I0.3)  oan  be  used  for  conver¬ 
sion.'  With  the  polarized  light  used  as  a  source  of  excitation 
a  polarization  prism  will  be  mounted  after  the  source  (1);  How¬ 
ever,  the  prism  will  reduce  the  Intensity  of  the  exciting  light 
to  less  tnan  one-half  of  the  original.  Consequently,  the  above 
method  might  be  used  when  investigating  the  objects  with  ar. 
intensive  radiance.  Natural  light  is  being  used  when  working 
on  weekly  luminescence  objects  whose  radiance  has  a  zonal  It rabl 
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.  t*.e  decree  of  polar’/'. - 
;ld  te  replaced  by  toe 
.  e  metering  the  polarization.  ■  receive  the  spectrum  of 
polarization,  a  Quartz  monochromator  snail  be  mounted  after 
•.he  source  (1),  and  the  rauianco  excited  by  different  wave¬ 


lengths. 

The  method  ahcwn  in  Fig,  2tv,l,  where  the  source  (l)  of 
excitation,  the  object  to  be  investigated  (5)  and  the  receiv¬ 
er  ( 7 )  arc  all  mounted  on  the  name  optical  axis,  is  the  leaat 
suitable  for  inveatlgatior.  of  the  luminescence,  and  therefore 
seldom  used.  Here,  with  a  "through”  excitation,  there  ia  a 
biggest  chance  that  the  exciting  light  will  enter  the  receiver, 
and  very  crossed  filters  will  be  required  to  stop  it. 

Moreover,  in  such  a  case  the  influence  of  the  secondary  absorp¬ 
tion  (see  below)  can  be  particularly  high.  This  method  la 
used  when  investigating  a  lengthy  radiance  (phosphorence). 

After  the  excitation  has  been  already  stopped,  and  no  exciting 
light  can  enter  the  receiver. 

For  other  types  of  excitation  (the  cathode  X-ray,  radio  - 
active,  etc.  emissions),  different  other  sources  of  excitation 
are  being  used,  but  the  recording  part  of  the  installation  re¬ 
mains  the  same. 

In  the  luminescence  analysis,  quite  often  one  has  to  deal 
with  small  amounts  of  substances,  many  of  them  with  a  weak 
radiance.  In  result,  the  luminescence  Intensity  of  the  apec- 
clmen  under  investigation  can  turn  out  to  be  very  small. 

Indeed,  and  its  measuring  -  very  difficult.  Thus,  it  ia  very 
Important  to  select  the  moat  favorable  conditions  for  the 
experiment. 

Beside  being  characteristic  to  the  substance  itself,  the 
intensity  of  the  radiance  depends  primarily  on  the  intensity 
of  the  exciting  light;  usually,  this  intensity  is  being  deter¬ 
mined  by  the  amount  of  absorbed  energy  of  the  exciting  source 
radiance.  Therefore,  for  exciting  an  intensive  radiance,  cri¬ 
tical  ia  not  the  magnitude  of  the  source  Integral  brightness, 
but  its  brightness  in  the  absorbed  spectral  zone.  Considering 
that  different  sources  have  a  different  distribution  of  energy 
along  their  respective  spectrum.  When  selecting  a  source  one 
should  establish  how  high  is  Its  radiance  in  the  spectrum  inter¬ 
val  to  be  used.  Usually,  the  moat  advantageous  la  the  spectral 
sector  close  to  the  maximum  of  the  substance  absorption  spectrum; 
then,  in  the  scheme  shown  in  Fig,  202,  A,  the  distortion  of  the 
luminescence  spectrum  due  to  l ts  secondary  absorption  (see  be¬ 
low)  will  be  at  its  minimum,  end  the  s^nemes,  202,  B  and  C,  - 
the  radiance  intensity  at  it?  max-mum. 

To  find  the  most  absorbable  sector  of  the  spectrum,  it  is 
sometimes  enough  to  use  a  qualitative  estimate  by  watching 
deep  the  exciting  rays  of  the  various  wave-lengths  are  penetra¬ 
ting  s  vessel  filled  with  the  solution.  Such  an  estimate  car 
be  performed  easily  as,  on  Its  path  of  distribution,  the  exciting 
light  leaves  a  dlatlnct,  radiant  track;  The  stronger  the 
absorption,  the  shorter  will  be  the  treck. 


When  selecting  the  wave-length  of  the. exciting  light,  one 
should  keep  in  mind  that,  according  to  Vavilov’s  Law,  the 
quantum  output  of  the  luminescence  is  sufficiently  high  only 
in  the  stokes'  part  of  the  spectrum,  and  in  the  anti-stokes’ 
part  it  drops  sharply.  Thus,  to  obtain  an  intensive  radiance. 
It  la  vital  that  wave-length  of  t tie  exciting  light  was  shorter 
than  that  of  the  luminescence  spectrum  maximum.  According  to 
the  atokea -Lome  lie  Law,  the  above  condition  la  automatically 
satisfied  If  the  wavt-j^n^ths  used  for  the  excitation  are  with¬ 
in  the  maximum  zone  of  the  absorption  Bpectrum. 

THE  SECONDARY  ABSORPTION .  When, carrying  out  the  analysis, 
one  should  take  into  account  that  the  shape  of  the  specimen 
luminescence  spectrum  can  be  highly  distorted  by  the  secondary 
absorption  of  the  luminescence  light.  Due  to  the  fact  that 
the  spectra  of  absorption  and  luminescence  superimpose  each 
other  (Fig,  187),  coming  out  of  the  solution  depth  the  lumine¬ 
scence  light  will  be  partly  absorbed  by  the  molecules  of  the 
radiating  substance  themselves.  This  secondary  absorption (  the 
nre -absorption")  is  the  more  intensive  the  more  accurate  is 
the  superimposition  of  the  spectra,  the  longer  the  path  of  the 
luminescence  light  in  the  substance,  and  the  higher  the  latter' 
concentration.  The  secondary  absorption  takes  place  only  in 
the  zone  whore  the  spectra  are  superimposing  each  other;  thus, 
the  short-wuve  part  of  the  spectrum  will  be  weakened  by  the 
secondary  absorption  whereas  the  long -wave  zone  will  remain 
unchanged. 

Thin  layers  of  diluted  solution  are  uBed  in  order  to  re¬ 
duce  the  secondary  absorption  as  much  as  possible.  However, 
due  to  a  weak  radiance,  such  conditions  are  often  hard  to 
create,  and  one  has  to  deal  with  heavy  layers  of  the  lumines¬ 
cence  spectra  should  be  corrected  to  include  the  secondary 
absorption,  and  thus  will  require  time-consuming  calculations, 
the  information  on  the  abaorption  spectrum  of  the  investigated 
substance,  as  well  as  on  the  distribution  of  the  energy  in  the 
spectrum  of  the  source  of  excitation.  To  simplify  the  calcu¬ 
lations,  it  is  dlelrable  to  carry  out  the  experiment  in  such 
a  way  that  tha  rays  of  the  exciting  light  are  fully  absorbed 
the  investigated  specimen. 

When  the  excitation  is  performed  with  a  continuous 
spectrum,  the  actual  intensity  of  the  luminescence  "*act"  in 
the  frequency  can  be  estimated  in  approximation  from 

the  following  formula,  when  the  observed  Intensity  " X  "  of 
luminescence  is  known:  ** 


(20.1) 
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•« 


cot? 

•,+a.cwf 


where * 


coefficients  of  absorption  of  the 
luminescence  and  the  exciting  light 
rays,  respectively; 

function  of  the  energy  distribution 
in  the  spectrum  of  the  exciting  source; 


the  refrectlon  angle  of  the  exciting 
light  in  the  investigated  specimen. 


The  calculatidn  will  be  considerably  simplified  if  a  mono¬ 
chromatic  emission  is  used  for  the  excitation  (only  a  single 
line  is  separated  from  the  exciting  spectrum).  The  formula  (201) 
will  look  as  follows: 


(20.2) 


However ,  neither  of  the  (20.1)  snd  (20.2)  formulas  provides 
for  repested  process  of  absorption  and  the  resultant  excitation 
of  molecules  of  the  lusdnescing* substance.  At  the  same  time, 
during  the  experiment,  the  luminescence  spectrum  is  a  total  of 
all  radiances  formed  in  the  solution.  Consequently,  the  values 
for  laot"  calculated  from  formulas  (20.1)  and  (20.2)  turn  cut 
to  be  not  very  accuse te. 


r”. 203.  Curves  showing  how  v.*  a*- 5ru«ary  absorption  and 
•.he  secondary  luminescence  affe:*  tiif-  shape  of  luminescence 
spectrum  of  the  fluorescein  soluMor. :  a  -  a  0.1  cm.  thick 
layer:  b  -  n  1cm.  thick  layer;  l  -  spectrum  measured  as  is; 
r_>  -  spectrum  with  corrections  f->r  the  secondary  absorption; 

3  -  spectrum  with  corrections  for  the  secondary  luminscence. 

The  calculation  made  on  the  above  secondary  phenomena 
reveals  that  the  luminescence  spectrum  corrected  for  the 
secondary  absorption  only,  !s  somewhat  shifting  towards  the 
long  waves  as  against  the  actual  spectrum  which  includes  both 
the  secondary  and  the  subsequent  radiances.  Pig.  203  shows 
the  results  of  calculations  for  the  fluorescein  pigment.  One 
can  see  that  with  a  thin  fluorescing  layer,  there,  is  no  influ¬ 
ence  of  the  secondary  radiance  (Pig.  203,a).  In  a  heavy  layer, 
this  influence  becomes  more  distinct  (Pig.  203, b).  Therefore, 
when  working  with  thin  layers  of  the  luminescing  diluted  solv 
tlons,  corrections  for  the  secondary  radiance  can  be  Ignored. 

Of  a  great  Importance  is  also  the  correct  selection  of 
the  solution  concentlon  and  of  the  lumeacent  layer  thickness. 

If  a  specimen  contains  only  but  little  of  the  substance,  the 
intensity  of  the  luminescence  goes  up  with  the  concentration. 
However,  later,  a  concentration  -  generated  damping  action 
takes  place  and  aa  a  result,  the  radiance  intensity  of  the 
specimen  drops  drastically.  At  the  same  time,  with  a  higher 
concentration,  the  weakening  of  the  exciting  light  highly 
effects  the  depth  of  its  penetration  Into  the  substance,  and 
also  the  Influence  of  the  secondary  absorption  will  go  up 
sharply.  The  moat  Intensive  radiance  la  observed  usually  in 
diluted  solutions  whose  concentration  equals  from  10"->  up  to 
10“4  moles/liter. 

Provided  the  secondary  absorption  is  either  small  oe  does 
not  exist,  and  the  solution  concentration  ia  low,  it  is  advi¬ 
sable  to  work  with  heavy  layers  (up  to  1  cm.)  of  the  substance, 
as  within  certain  limits,  tne  intensity  of  radiance  goes  up 
with  the  layer  thickness.  However,  it  seems  practically  impos¬ 
sible  to  fully  utilize  the  light  coming  from  so  wide  light 
fluxes;  therefore,  when  the  readings  are  expected  to  be  accu¬ 
rate,  the  radiating  layer  should  not  be  heavier  than  1  mm. 

When  the  concentration  is  Intensive,  the  exciting  light  doe* 
not  penetrate  the  solution  at  all,  but  is  fully  absorbed  Hot 
at  lta  very  surface.  In  such  a  .-ase,  one  can  work  with  ti.lr; 
layers,  using  Just  a  small  amount  of  the  substance  to  be  inves¬ 
tigated. 

Recording  the  Luminescence.  Radiance  of  the  investigated 
specimen  la  evenly  radiating  in  all  directions  (Lommelle'e  Jaw). 
To  utilize  the  emanating  light-flux  aa  much  as  possible,  cr.d 
to  direct  it  into  the  receiver,  condenser  lens  (4)  (see  Fl~,  2'/,') 
are  being  applied.  If  a  spectral  devise  (6)  has  been  moun:  d  In 


id 


:  *.  of  ‘he  receiver,  the  lumines r.g  :  lux  will  be  utilize-^ 

*  :•>*.  with  its  collimator  completely  Mlled  with  light;  the 
etove  condition  can  be  attained  also  by  means  of  special  ill h 
ir. 'natlng  circuits  (see  chapter  13,  ff’o) . 

Serioua  attention  should  be  paid  to  the  selection  of 
receivers  which  are  mostly  not  the  same  extent  aensltive  In 
v.rioua  parts  of  the  spectrum.  Depending  on  the  spectral  com¬ 
position  of  the  emission,  one  should  select  a  receiver  whose 
peak  sensitivity  would  be  close  to  the  maximum  of  the  lumine¬ 
scence  spectrum.  For  example,  receivers  with  antimony -cesium 
photo-cathodes  should  be  used  for  recording  a  green,  blue-violet 
or  ultra-violet  luminescence.  Receivers  with  either  multi-alk¬ 
aline  or  oxygen -cealura  photo-cathodes  are  being  used  for  meter¬ 
ing  the  yellow  and  red  luminescence.  Non-aelective  receivers 
the  thermo -elements  and  bolometers  are  applied  for  recording 
a  long -wave  red  and  infra-red  luminescence  (for  more  details 
on  the  light  receivers  see  chapter  11,  #  45). 

#  Qualitative  Analysis  of  Luminescence 

The  problems  to  which  the  luminescence  analysis  is  being 
applied  are  extremely  varied;  even  more  varied  are  the  subs¬ 
tances  subjected  to  the  investigation;  consequently,  depending 
on  specific  properties  of  the  object  to  be  anallsed,  different 
methods  of  analysis  are  being  applied.  However,  all  the  variety 
of  individual  techniques  can  be  grouped  in  a  comparatively  small 
number  of  methods  of  a  more  general  mature,  which  ere  being  used 
In  a  chemical  analysis  of  luminescence  concerning  a  widest 
range  of  substances. 

Special  Pastures  of  a  Qualitative  Analysis  of  Luminescence. 

By  carrying  out  a  qualitative,  chemical  analysis  ol^ 
luminescence,  we  can  by  the  radiance  spectrum  detect  the  pre¬ 
sence  of  a  certain  substance,  or  a  group  of  substances  in  the 
specimen  under  investigation,  and  also  we  can  control  the 
process  of  a  chemical  reaction.  More  often  than  other,  the 
luminescence  analysis  la  being  used  for  research  on  the  natural 
radiance  of  the  substance.  However,  the  problem  la  not  so 
simple  as  only  few  compounds  have  a  distinct,  easily  regognlzed 
spectrum  of  lumineaoence  by  which  one  can  unmlatakenly  estab¬ 
lish  the  presence  of  a  certain  substance  (these  Include:  the 
rare -earths  and  the  uranium  compounds,  porphyrlnes,  chloro¬ 
phyll  and  few  others);  However,  lr.  majority  og  cases,  the 
luminescence  spectra  app  ar  as  wide,  washed-out  bands  without 
sny  oscillating  structure.  In  mixtures  of  two  or  more  lumine¬ 
scent  subatancea,  the  emission  bands  of  individual  coaiponents 
often  auperlmpoae  one  another.  Thus,  the  luminescence  analy¬ 
sis  la  easy  only  when  either  the  mixture  contains  Just  a 
single  lumlnacent  substance  or  wrier,  the  components  have  their 
respective  radianca  In  different , parts  of  the  spectrum  (for 
instance,  the  red  and  the  blu*  raa lance.  However,  such  cases 
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'  *  or  but  rarely. 

Usually,  prior  to  performing  the  analysis,  tne  mixture 
l  ..  being  su.iected  to  a  preliminary  processing  whicn  c  one  is  is 

It*  elimination  of  all  hampering  ir.greiiiants  and  separating 
the  component  of  a  special  interest  to  us.  There  are  many  an  : 
varied  methods  leading  to  such  ?  separation;  various  chemicf-1 
reactions  are  here  applied,  heat  ract i onatlon,  an<\  also  the 
techniques  of  an  ordinary  and  tne  luminescent  chromatography. 
The  latter  la  more  and  mor*  use  1. 

£na  luminescent  Chromatography  represents  a  variation  to  an 
ordinary  chroma wogra phic  me  t hod  of  separating  the  mixture  Into 
individual  components;  here,  the  individual  zones  are  being 
detected  by  watching  the  luminescence  in  the  separating  them 
column.  In  chose  caaea  when  non-luminer cent  substances  are 
being  chromatographed,  luminescing  adsorbents  are  used.  Then, 
on  the  background  of  a  luminescing  column,  dark  strips  will 
clearly  appear  over  the  zones  containing  the  n jr.-luminescing 
components  of  the  mixture. 

Equally  laiportantis  the  Methcd  of  Chromatographing  on  Paper. 

A  drop  of  the" solution  to’  be  investigated  shall  be  deposited 
on  a  paper  atrip,  close  to  its  bottom;  after  it  has  been  dried, 
the  atrip  bottom  end  shall  be  Immersed  into  a  solvent  for  a 
period  of  6-12  hours.  The  liquid  will  start  rising  up  the 
paper  atrip;  components  contained  in  the  drop  will  follow  the 
solvent.  The  proceed  on  the  paper  at  a  different  speed  which, 
however,  la  always  lower  than  that  of  the  pure  solvent. 

Quantitatively,  the  above  process  la  usually  character- 
lzad  by  the  following  formula: 


(20.3) 


Where:  "A*  and  "Aj  -  distances  from  the  place  where  the  drop 
*  has  been  deposited  up  to  the  head  of  the 

travel  made  by  the  dissolves  substance 
and  the  solvent  itself,  respectively. 


The  value  of  ^  ;  assuming  the  uniform  conditions  o: 

the  experiment  (similar  kind  of  paper,  same  solvent,  same 
temperature,  etc.),  the  above  value  remains  constant  for  each 
oomponent.  The  chromatogram  will  show  spots  each  tied  to  ar. 
individual  component  of  the  mixture.  All  of  them  distributed 
according  to  their  respective  value  for  MR*".  Position  of 
these  spots  will  be  established  by  their  characteristic 
fluorescence.  In  this  way,  one  can  detect  in  a  specimen  tKe 
existence  of  as  little  as  one-hunareth  of  s  micro -gram  of  tne 
investigated  substance.  Sometimes,  the  same  goal  can  be  attained 
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•'  vising  *  he  phoaphorence  of  tvi*  sat  stance.  F)r  ihle  p-:-- 
p  t-.'(  the  chromatogram  should  be  few  seconds  cooled  In 
ltc:*.d  nltr^o-en,  and  then  aubjecte i  to  a  short  excitation; 
tt  formed  radiance  allows  eatabl ' shing  the  zones  of  the  sub- 
f* or.ee  distribution.  When  the  investigated  subatsncee  show 
r.w  radiance  at  all,  the  chromatograms  can  be  sometimes  succe&a- 
f  ly  processed  In  special  solutions  which  make  the  spots 
1  r.lneacent. 

Special  Techniques  of  the  Qualitative  Analysis  of  Luminescence . 
Although  a  mixture  has  been  prellmlrariliy  separated,  quite 
often  special  procedures  are  being  applied  which  take  Into 
i  o-;nt  the  special  properties  of  the  Investigated  class  of 
substances.  For  example,  often  the  luminescence  analysis  Is 
being  carried  out  at  a  low  temperature  when  an  oscillating 
str:cture  appears  in  the  spectrum  of  many  a  compound,  a  feat¬ 
ure  which  makes  the  spectrum  more  characteristic.  The  analysis 
of  cancerogen jus  hydrocarbons  of  a  high  molecular  weight,  la 
being  carried  out  In  a  viacoua  medium  (in  oil)  where  the  struc¬ 
ture  of  their  spectra  comes  out  more  clearly,  and  some  other 
hanperlng  factors  are  eliminated  (#  112). 

E.V.  Shpolskll  and  his  associates,  and  later  also  soma 
other  scientists  have  proved  that  many  organic  aubatancca 
(multi -nuclear  condensed  hydrocarbons,  aromatic  aldehydes  ana 
ketones,  anthraquinones,  phthalocyanln  and  its  derivatives, 
as  well  as  some  pigments)  when  frozen  In  the  neutral,  standard 
paraffins  (pentane,  heptane,  hexane,  etc.)  will  have  their 
luminescence  spectra  split  In  groups  of  narrow  lines,  whose 
width  will  very  from  2  up  to  10  cm”*.  The  appearance  of  these 
characteristic  lines,  permits  a  fast  and  reliable  detection  of 
extremely  small  amounts  of  the  above  llated  substances  in  the 
specimen. 

When  analyzing  a  multi -component  mixture,  one  should  keep 
In  mind  that  each  of  the  components  has  its  own  spectrum  of 
absorption.  Therefore,  It  Is  advisable  to  use  the  excitation 
pui pose,  monochromatic  rays  of  a  different  wave-length  so  that 
each  of  them  Is  exciting  Just  one  of  the  components;  this  pro¬ 
cedure  will  make  the  analysis  considerably  easier. 

At  low  temperatures,  besides  a  short-time  radiance-fluor¬ 
escence,  the  solution  of  many  a  compound  has  also  a  protract'd 
after-radiance-  phoaphorence.,  a  circumstance  whlrh  la  ar.  Imp  r- 
tar.t  analytical  feature  of  the  investigated  substance.  In 
case  of  a  B-procese,  the  radlsnce  spectra  are  clearly  thlfteu 
towards  the  long  waves  In  relation  to  the  spectra  of  fluore¬ 
scence,  a  feature  that  often  helps  in  analysis  of  substances 
with  either  an  ultra-violet  or  blue  luminescence. 

ZXirlng  a  qualitative  analysis  of  luminescence,  a  great 
help  la  desired  also  from  the  polarization  spectra  which  are 
strongly  linked  to  the  chemical  structure  of  the  Investigate  ! 
substances,  end  In  some  caste,  can  be  even  more  Indicative 
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luminescence  .>f  tne 


•  !.v.  *. he  upectra  of  both  absorpti 
oald  compounds  (Fig.  204). 

When  carrying  ovit  a  quail-  % 

r?itive  ana  1  vs i 8  of  minerals, 
limestones,  clays,  ceramics, 
gl?as,  optical  crystals,  and 
'••iher  substances,  quite  often 
t  :ey  meter  the  curves  of  the 
tnermlc  fading-out  whose  magni¬ 
tude,  position  and  number  of 
maxlmuma  turn  out  to  be  suffi¬ 
ciently  characteristic. 

Despite  all  the  above  pro¬ 
cedures,  quite  often  the  accuracy 
of  obtained  results  remain  boubt- 
ful.  Consequently,  after  the 
analysis  has  been  finished,  the 
investigated  object  is  sometimes 
subjected  to  additional  experi¬ 
ments  using,  for  example,  the 
characteristic  interdependence 
of  many  substances  between  the 
color  of  their  radiance  and  the 
value  of  the  solution  "pH  (Fig. 

186);  alto,  other  procedures  are  being  used.  Here,  when  work¬ 
ing  out  a  technique  for  a  luminescence  analysis  of  a  given 
type  of  compounds,  one  should  be  sure  that  the  additional 
experiments  and  procedures  are  featuring  a  considerable  sensi¬ 
tivity  but  do  not  consume  much  time. 

Luminescent  Reactions.  Analysis  reactions  are  widely  used 
in  the  practice  of  chemical  analysis;  they  allow  detecting 
certain  sub8tance8  by  a  changed  color  of  their  solution,  by 
the  sediment  formed,  or  by  other  characteristic  symptoms.  The 
luminescent  reactions  are  one  of  the  types  of  analytical  reac¬ 
tions.  They  are  characterised  by  a  change  in  the  luminescence 
properties  of  the  aubatance;  during  the  reaction,  the  lumines¬ 
cence  spectrum  of  the  investigated  object  becomes  deformed, 
the  radiance  either  fades  away,  or  becomes  brighter. 

Luminescent  reactions  can  be  performed  also  on  substances 
which  have  no  luminescent  capability.  In  such  cases,  th*  re¬ 
action  is  being  conducted  in  such  a  w.ay  that,  after  it  ha.  1  t--u. 
terminated,  should  be  thoroughly  Btudled,  and  the  condition:, 
in  which  the  analysis  will  be  carried  out,  should  be  rigidly 
s tenderized. 

#  109.  The  Quantitative  Analysis  of  Luminescence, 

A  quantitative  analysis  of  luminescence  allows  establishing 
the  concentration  of  the  investigated  substance  in  the  sample, 
by  metering  the  brightness  of  Its  radiance;  it  also  reveals 
the  termination  of  the  reaction  by  the  luminescence  having 


Fig.  204.  polarization 
apectra  of  the  glycerine 
solutions  of  pigments: 

1-  Fluorescein; 

2-  Rhodamine  S; 

3-  Acrine  orange  pigment; 
Long  waves  of  the  exciting 
light  are  plotted  on  the 
abscissa  axis. 


. ' . nppeareu.  It  should  be  o 'It  r.ed  >it  that  the  main  dific:  <?:»«•* 
‘.ween  a  qualitative  and  a  quantitative  analysis  of  lumines¬ 
cence  consists  in  the  fact  that  the  features  Just  detected  b; 
i  qualitative  analysis,  in  a  quantitative  analysis  are  measured 
r r ,-_i  processed  with  all  necessary  corrections  considered. 

Quantitative  Analysis  of  Lnmi r.escence  Baaed  on  the  Radiance 
/.rightness.  All  methods  concerning  this  type  of  analysis’  are 
T naed  on  a  certain  definite  interdependence  between  the  brig st¬ 
ress  of  the  radiance  and  the  substance  concentration  In  the 
jample.  One  should  try  to  carry  out  the  analysis  in  conditions 
providing  a  straight  proportion  between  these  two  factors.  Here, 
the  concentration  of  the  Investigated  substance  can  be  deter¬ 
mined  by  directly  comparing  the  radiance  intensity  of  the  ana¬ 
lyzed  specimen  with  that  of  a  standard  one.  When  the  concen¬ 
tration  is  considerable,  over  10“  -  10“->  moles/liter,  the 
straight  proportion  Is  usually  upset  in  result  of  the  extlnquish 
ing  action  created.  By  the  excessive  concentration. 

In  general,  the  quantitative  analysis  of  luminescence 
consists  of  preparation  of  a  set  of  standard  specimen  contain¬ 
ing  8  known  concentration  of  the  substance  Investigated,  and 
of  measuring  the  intensity  of  their  respective  radiance.  The 
obtained  data  will  be  used  for  plotting  an  analytical  curve 
showing  the  luminescence  intensity  as  function  of  the  concen¬ 
tration.  Having  measured  the  radiance  intensity  of  the  analyzed 
sample.  Prom  the  analytical  curve  we  can  establish  the 
concentration  of  a  substance  in  the  sample. 

In  the  quantitative  analysis  of  luminescence,  usually  the 
natural  radiance  of  the  Investigated  substance  is  being  utilized 
When  working  with  non-luminescing  objects,  luminescent  reactions 
are  being  applied  and  by  the  radiance  intensity  of  the  resul¬ 
tant  product,  its  concentration  can  be  determined.  Next,  by 
using  the  conversion  methods  well  known  in  the  analytical 
chemistry,  one  can  determine  the  concentration  of  the  initial 
product  of  the  said  reaction. 

For  example,  to  determine  the  amount  of  oxygen  in  lnrr 
gases,  the  latter  should  be  passes  through  a  solution  of 
colorless  Leuco  Base  *  of  the  fluorescein  pigment;  the  solution 
will  oxidize,  change  into  fluorescein  which.  In  solution,  h  3 
an  intensive  green  luminescence.  Keying  compared  the  Intercity 
of  the  formed  radiance  with  that  of  the  solution  lumlwscor, 
we  can  determine  the  concentration  of  fluorescein  which  fo*  *?o 
in  the  process  of  the  reaction.  Simple  calculat  ions  a 3  lev/ 
establishing  the  amount  of  oxygen  passed  through  the  solution, 
and  that  had  oxidized  the  necessary  amount  of  the  Leuco  Eaoo. 

4  Fhe  leuco  Bases  are  products  ok  regeneration  of  some  pigments 
which,  as  a  ruls,  are  colorless. 


Quit*  often,  an  analysis  cannot  be  successfully  carried 
out  due  to  the  fact  that  the  radiance  intensity  of  the  inves¬ 
tigated  substance  can  be  determined  not  Just  from  its  concen¬ 
tration  but  also  from  a  number  of  other  factors.  ?or  example, 
the  radiance  intensity  of  a  solution  is  being  affected  by: 
various  processes  of  fading-out;  absorption  of  a  certain  part 
of  the  exciting  light  by  foreign  admixtures;  the  secondary 
absorption  of  luminescence ;  etc.  Therefore,  when  working  out 
the  technique  for  analysis  of  different  groups  of  compounds, 
one  should  thoroughly  investigate  the  nature  of  processess 
which  might  taka  place  in  solutions  of  these  substances. 

When  carrying  out  an  analysis,  one  should,  first  of  all, 
follow  all  the  rules  concerning  the  excitation  and  the  recor¬ 
ding  of  radiance,  as  it  has  been  described  in  #107.  To  receive 

reliable  results,  it  is  of  great  importance  that  both  the 

standard  and  the  investigated  specimens  were  during  the  analysis 
subjected  to  rigidly  similar  conditions  (excitation  from  the 
same  source;  an  exactly  the  same  position  in  the  apparatus;  both 

solutions  in  vessels  of  the  same  wall  thickness,  with  a  partly 

absorbed  light  of  excitation;  etc.).  Moreover,  it  is  vital 
that  the  spectral  composition  of  radiance  of  either  specimen 
was  the  same.  For  this  purpose,  the  standard  solutions  of  the 
very  substance  whose  concentration  we  are  about  to  investigate, 
serve  as  the  standard.  In  those  caaea  when  it  ia  impossible 
tc  prepar  this  kind  of  solution  (instability  of  solutions,  etc.) 
one  can  use  standard*  of  other  aubstances  instead,  whose  radiance 
by  its  spectral  composition  la  similar  to  that  of  the  investi¬ 
gated  sample.  Preliminarily,  these  standards  should  be  gradu¬ 
ated  by  the  investigated  substance  solution  whose  concentration 
is  known.  Occasionally,  the  standards  are  consist  of  some  types 
of  luminescsnt  glass  (uranyl,  and  others)  which  are  not  subject 
to  photo -chemical  transformations,  and  emit  a  radiance  constant 
In  time. 

The  analysis  results  can  be  considerably  distorted  by 
existence  of  extinguishing  ingredients  in  the  sample.  To 
eliminate  their  interference,  diluted  solutions  (C-^10"5  moles/ 
liter)  jhould  be  prepared  so  that  the  concentration  of  those 
ingredients  becomss  negligible,  and  they  will  atop  affecting 
the  rad  lanes  itself.  If  the  above  method  is  not  effective 
c;  ough.,  one  can  compose  standard  samples  using  the  same  nulti- com¬ 
ponent  solvents  which  are  contained  in  the  specimen  about  to 
be  analysed.  In  case  nalther  the  composition  of  analysed  solu¬ 
tion  nor  ths  concentration  of  the  foreign  admixtures  are  known, 
a  certain  amount  of  ths  investigated  substance  should  be  audeu 
to  the  investigated  solution.  By  comparing  the  radiance  inten¬ 
sity  of  tha  attained  mixture  with  that  of  the  original  solution, 
one  can  evaluate  tha  extinguishing  capability  of  the  foreign 
ingredients. 


In  the  analysis  of  substances  with  either  basic  or  acid 
characteristics,  the  magnitude  of  "pH”  greatly  affects  both 
the  spectral  composition  and  the  radiance  Intensity.  The 
magnitude  of  "pH"  determines  the  condition  of  molecules  In  a 
solution;  they  can  appear  there  either  in  a  non-lonlzed  state 
or  as  ions  with  opposite  electric  charges.  Here,  the  radiance 
intensity  of  each  of  the  molecule  type  can  be  extremely  varied.' 

Por  example,  molecules  of  a  weak  base  of  acridine  in  an 
alicallne  medium  (pH'*’ 10)  remain  in  a  non-lonlsed  condition  (Y). 
When  the  value  of  "pH"  goes  down,  the  will  gradually  change 
into  an  ionised  state,  forming  molecules  of  acridine  (tl).  In 
the  fifth  normal  HCL,  the  process  will  be  completely  terminated i 

OQD-CvO 

i  in 

H* 


Aa  a  result,  the  spectral  composition  of  the  radiance 
will  change;  for  an  alkaline  solution  in  the  add  medium,  from 
a  violet -blue  425  a  )  it  will  turn  into  green 

(X  *  475  m  7.  At  the  same  time,  the  radiance  intensity 
will  drop  to  less  than  one-half.  Therefore,  it  often  becoams 
necessary  to  deal  with  the  so  called,  "Buffer  Solutions"*;  is 
an  alternative,  one  can  utilise  the  circumstance  that  starting 
with  a  certain  valve  of  "pH"  of  the  solution,  molecules  of  such 
compositions  stop  reacting  to  any  change  in  the  concentration 
of  hydrogen  ions.  So,  for  example,  the  luminescence  spectra 
of  alcoholic  solution  of  the  9  -  amlnoacridlne  will  stop  changing 
noticeably  when  the  value  of  "pH"  goes  up  to  more  than  pH~ll. 
This  kind  of  substances  are  being  analyzed  in  solutions  whose 
"pH"  is  beyond  the  above  limit. 

Above,  we  have  indicated  only  the  mein  factors  which  affect 
the  accuracy  of  the  quantitative  analysis  of  luminescence.  On 
the  other  hand,  eaah  of  the  investigated  substances  has  its  own 
specific  properties  which  should  be  taken  into  account  when 
working  out  the  technique  for  its  analysis. 


*  A  buffer  solution  is  a  solution  of  salt,  the  salt  and  acid, 
or  salt  and  alkali,  in  which  the  "pH"  does  not  change  its 
magnitude  when  either  the  concentration  has  been  changed  or 
acid  or  alkalis  added  in  an  amount  below  a  certain  limit. 
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A  Quantitative  Lualnescence  Ar.alyils  of  the  Termination 
of  Chemical  factions.  This  type  of  analysis  concerns  alio  the 
method  o t  luminescent  titration.  Thia  method  consists  of 
gradually  adding  email  amounts  of  the  substance -reagent  from 
a  buret  into  the  investigated  luminescent  solution.  The 
reagent  is  selected  in  such  a  way  that  after  it  had  enter  the 
reaction  with  the  substance,  it  w'll  form  a  compound  which  no 
luminescent  proper ties. The  reagent  is  being  adaed  for  so  long 
until  the  solution  radiance  will  stop  completely.  Knowing  the 
amount  of  reagent  necessary  for  turning  the  investigated  sub¬ 
stance  into  a  non-luralnescent  composition,  by  conversion  wo 
can  determine  its  contents  in  the  resultant  solution.  The 
above  method  presents  a  modification  to  the  usual  ones  of 
chemical  titration.  The  difference  consists  only  in  the  follow¬ 
ing!  in  the  luminescent  titration,  the  process  termination  is 
being  noted  by  the  disappearance  of  its  radiance,  and  not  by 
a  change  in  the  solution  color  or  by  its  having  become  cloudy. 
The  ifiiln  advantage  of  the  luminescent  method  consists  in  its 
high  sensitivity,  a  feature  which  makes  it  suitable  for  carry¬ 
ing  out  an  analysis  on  highly  diluted  solutions. 

In  those  cases  when  the  process  of  radiance  extinqulshlng 
by  foreign  mixtures  has  been  thoroughly  studied,  this  method 
can  be  also  applied  for  a  qualitative  analysis.  Here,  the  so¬ 
lution  concentration  can  be  evaluated  by  the  degree  of  the 
radiance  fading -out  which  will  take  place  after  a  certain 
amount  of  a  specially  adapted  extinquisher*  will  be  added  to 
the  analyzed  solution. 

The  special  features  characteristic  to  the  luminescence 
of  a  number  of  organic  substances  with  their  either  acid  or 
basic  properties,  allow  a  widespread  use  of  luminescent  indi¬ 
cators  into  the  practice  of  chemical  procedures.  Their  pur¬ 
pose  similar  to  that  of  the  ordinary  indicators,  is  either 
indicating  the  end  point  of  a  chemical  reaction  or  determining 
the  concentration  of  hydrogen  lonB  (the  value  of  "pH")  In  the 
solution  (table  38).  The  luminescent  indicators  differ  from 
the  ordinary  ones  in  that  at  the  end  of  a  certain  process, not 
their  color  will  change  but  either  their  spectral  composition 
or  the  intensity  of  their  luminescence  (Fig.  186). 
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1.  ■old-basic 
Indict tors; 

2.  Nana  of 
Indicator; 

3.  Structural 
formula ; 

4.  Interval  "pH"  of 
fluorescence  con- 
con  vara  Ion; 

5.  Change  of  the 
fluoraacenca  colon, 

6.  4-  oxjacrldone; 

7.  Oraan-Blua; 

8.  -  naphthylanlne; 

9.  Nona-Blue; 

10,  Acridine; 

11,  Oraan -violet; 

12,  B-nethyl  unbell 1- 
f arena; 

13,  Nona-Blue; 

14,  P-aalt; 

15,  Oreen-Blue; 

16,  Chicago -CC -acid; 

17,  Vlolat-Oreen; 

18,  1.5-naphthylanlne- 
aulfo-acld; 

19,  Blua-Oraen. 
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Thank*  to  the  luminescent  indicators  we  obtain  a  clear 
effect  even  if  their  concentration  in  a  solution  ia  very  small. 
They  are  Irreplaceable  for  the  analysis  of  dark  colored  or 
turbid  mediums  (trine,  oils,  solutions  of  salts  of  some  non-fer- 
roua  metals,  etc.)  where  the  ordinary  indicators  are  hardly 
useful  as  their  change  of  color  cannot  be  noticed.  At  present, 
about  200  acid-basic  luminescent  indicators  are  known  which 
cover  the  entire  poaAlble  range  within  which  the  solution  "pH" 
can  vary.  They  are  the  derivatives  of  Benzene,  naphthalene, 
coumarln,  fluorescein,  acridine,  and  other  compounds.  Most 
of  the  indicators  display  a  blue-green  radiance.  Table  36  lists 
some  of  the  more  widely  used  acid-basic  indicators. 

Considerable  less  is  known  about  indicators  with  a  yellow- 
red  luminescence.  Wfc  could  name  here:  the  dimethylnaphthorhodlne 
(pH  *  3-3.6);  the  neutral  red  (pH  -  5-7. 4);  3.6  -  dloxyphthala- 
mide  (pH  *  6-8);  and  the  acridine  orange  (pH  -  8. 4-9,2). 

Working  with  luminescent  indicators  can  become  quite  complex 
when  the  absorption  spectrum  of  the  analysed  specimen  will  super¬ 
impose  itself  on  the  luminescence  spectrum  of  the  indicator;  then, 
the  indicator  radiance  will  become  partly  or  fully  absorbed.  To 
prevent  this,  for  each  Interval  of  the  "pH"  values,  two  indica¬ 
tors  are  being  selected  with  luminescence  of  different  colors. 

By  using  them  one  after  another,  we  will  obtain  a  correct  re¬ 
sult  of  the  analysis.  * 

In  some  rare  cases,  cheml-lumlnescent  indicators  are  being 
used  (Lumlnol,  luclgenlne,  llphlne,  slloxen)  whose  performance 
is  based  on  formation  of  a  cheml-lumlnescent  radiance  when  the 
"pH"  value  of  a  solution  will  change,  and  also  when  any  kind  of 
an  oxidizer  will  appear  in  it.  Their  main  superiority  over  the 
luminescent  indicators  consists  in  the  fact  that  when  working 
with  them  there  is  no  need  to  subject  the  investigated  solution 
to  ultra-violet  rays.  To  obtain  reliable  results,  the  analysis 
should  be  carried  out  at  a  certain  constant  temperature  which 
highly  affects  the  process  of  the  cheml-lumlnescent  reaction. 

#110.  Polarization  Methods  of  th*  Luminescence  Analysis, 

Besides  a  qualitative  and  quant iTs live  analysis  of  the 
substance  composition,  the  luminescent,  methods  aid  in  solving 
many  other  important  problems  associated  with  the  structure 
analysis  of  complex  molecules  and  crystals.  Particularly 
promising  in  this  respect  are  the  polarization  methods.  3y 
applying  them,  one  can:  determine  a  mutual  disposition  of  the 
absorbing  and  emitting  oscillators  In  molecules  as  well  as  the 
orientation  of  emitting  oscillators  in  relation  to  the  molecu¬ 
lar  axes;  establish  the  relation  between  the  symmetry  of  mole" 
cules  and  the  polarization;  determine  the  multi -polarity  of 
elementary  emitters  of  the  molecules;  and  also  measure  the 
volume  of  investigated  molecules  and  the  duration  of  their 
radiance. 
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Determining  the  Mutual  Disposition  of  Aba orbing  and 
Balt  ting  QaclVlatora.  Th»  behaviour  r>Y  real  ioleoulsi  can 
be  approximated  by  analysing  the  performance  of  various  types 
of  eleaentsry  emltttra.  Mostly,  the  aolecules  can  be  linked 
to  linear  oscillators  (dipoles).  V.  L.  Levsnln  and  P.  Perren 
have  established  that  the  degree  of  lualnescence  polarisation 
la  a  function  of  angle  ”  "  between  the  oscillator  of  emission 

and  that  of  absorption,  and  can  be  presented  In  the  following 
formula i  •  —  ■  -  - — 

Pm  3a-*«-i 

V  .•*•+>  (20.4) 

*  \  ' 

•  *1 


It  turned  out  that  the  degree  of  polarisation  depends  on 
the  wave-length  of  the  exciting  light.  This  Interdependence 
was  thoroughly  studied  by  Vavilov  who  oalled  It  a >pelamAfcation 
spectrum.  He  demonstrated  that,  when  goes  down.  The 

degree  of  polarisation  will  drop  drastically,  frequently  even 
changing  lta  sign)  later.  It  will  go >up  again  and  aomstlmaa 
reaohes  a  second  maximum.  P.  P.  Peofllov  haa  eatabllahed  that 
that  la  a  certain  relation  between  the  polarisation  spectra  and 
those  of  absorption  (Pig.  205). 
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Pig.  205.  Polarisation  spectra  (top  curves)  and  spectra 
of  absorption  (bottom  ourvea)  of  pigment  solutions i  a-fluorea 
celnj  b-  Rhodamlne  B  extra;  c-  acridine  orange. 


tflthln  a  single  band  of  absorption  the  degree  of  polarisa¬ 
tion  doea  not  change  much.  This  mftaaa  that  each  electronic 
transition  la  matched  by  lta  own  absorption  oscillator.  Cob  id  - 
•ring  that  the  Individual  banda  of  absorption  superimpose  each 
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.  other,  transition  from  one  value  of  polarization  to  another 

l  proceed  continuously.  Having  measured  the  degree  of  the  lumines¬ 

cence  polarity  when  excited  In  different  zones  of  absorption, 
by  foraila  (20.4)  one  can  establish  the  relating  disposition  of 
the  oscillators  of  absorption  and  tnoae  emission  In  the  Invea- 
"  tigs ted  molecules.  Polarization  spectra  were  used  for  the 

research  on  the  structure  of  numerous  organic  compounds  (naph- 
tnalene,  antracene  and  Its  derivatives,  polyenes,  porphyrins, 
chlorophyll,  etcj 

Another  Important  problem  whlcn  ao  far  has  been  solved 
but  few  compounds,  la  establishing  the  orientation  of 
absorption  oscillators  In  relation  to  tne  molecular  axes. 

In  ths  case  of  molecular  mono-crystals,  the  polarization 
of  luminescence  can  be  determined  by  both  orientation  of  the 
emission  oscillator  In  relation  to  the  molecule  axes,  and  by 
orientation  of  the  molecule  Itself  In  the  crystal  lattice. 

If  one  of  these  factors  la  known,  then  the  other  can  ba  deter¬ 
mined  by  the  polarization  of  radiance.  Thus,  by  the  orientation 
of  molecules  In  the  lattice  of  mono-crystals  of  naphtnalene, 
antracene,  stllbene,  and  other  compounds.  By  having  measured 
tne  luminescence  polarisation  of  the  above  crystals,  we  could 
determine  the  orientation  of  tnelr  emitting  oscillator  In  rela¬ 
tion  to  the  molecular  axaa.  On  the  ocher  hand,  navlng  compared 
the  polarisation  ana  absorption  spectra  of  the  solutions,  we 
can  establish  the  orientation  of  the  oscillators  of  absorption 
and  emission,  respectively,  in  relation  to  the  molecule  axes. 
Next,  having  measured  the  polarization  diagrams  (see  below), 
we  can  dttermlne  tne  orientation  of  molecules  In  the  crystal 
lattice.  Por  example,  using  tne  above  method,  N.  D.  Znevandrov 
has  determined  the  orientation  of  antracene  molecules  in  the 
lattice  of  its  mono-crystals. 

How  the  Symmetry  of  Molecules  Affect  the  Magnitude  of  the 
Terminal  Polarization  of  "Luminescence, 

In  those  cases  when  the  solution  Is  highly  viscous,  and 
all  the  outside  depolarizing  factors  have  been  eliminated,  the 
luminescence  polarization  Po  la  at  its  maximum,  and  is  called 
the  ’’Terminal  Polarization''.  It  turned  out  that  value  of  the 
terminal  polarization  la  determined  by  the  aynnetry  of  molecule*; 
the  more  symmetrical  the  molecule  the  lower  la  the  value  of  me 
corresponding  Po.  Por  lnatance,  for  flat  molecules  with  ar.  ?xls 
of  ayimaatry  of  the  "n"-  order,  at  90°  to  their  surface: 

f\  when  i\  L  2 

FO  -1  ,  v  (20.5) 

l  7  when  r\  )  2 


Thus,  if  a  flat  molecule  has  a  sywetry  axis  of  the  third 
order.  Its  Po  4  0.14,  Por  non -eymmetr leal  molecules  and  those 
with  a  symettry  axis  of  the  aecond  order,  Po  4  0.5.  Per  example. 
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molecules  of  benzene  have  s  symmetry  axis  of  the  sixth  order, 
end  their  Poflf  0.08;  molecules  of  the  3.6-diamlnoacrldlne  have 
a  symmetry  axis  of  the  second  order,  and  for  their  so;utlon  tne 
Po“  0.40. 

Polarization  Diagrams.  The  elementary  emitters  of  absorp¬ 
tion  and  emission,  not  always  can  be  compared  to  linear  dipoles. 
In  soam  cases,  they  have  cnaracteriatlcs  of  an  electric  quadru¬ 
ple  or  a  magnetic* dipole.  Vavilov  suggested  that  the  multi¬ 
polarity  of  elementary  emitters  should  be  determined  by  the 
polarisation  diagrams  which  represent  the  polarization  of 
luminescence  as  a  function  of  both  the  direction  of  observation 
and  position  of  the  exciting  light  electric  vector. 

Pig.  206  shows  the  method  of 
observing  polarization  diagrams. 
Angle  "  "  characterises  the 

oscillation  gradient  of  the 
electric  vector  in  relation  to 
the  vertical  axis;  angle  " 
characterizes  tne  dlreotlon  of 
observation  in  relation  to  pro¬ 
pagation  direction  of  the  excit¬ 
ing  light  rays.  Having  measured 
the  degree  of  polarisation  for 
different  values  of  angles  "  " 

and  "  ",  we  will  plot  the  polar¬ 

ization  diagrams.  Pig.  207  shows 
the  polarization  diagrams i 


Pig.  206.  Observing  the 
poarlsatlon  diagrams  of 
photoluminescence . 


P-  f  (X)  (^-  0  and  and  P-  f  (l^)  (x-0  end3!), 

calculated  by  V  avllov  for  various  combinations  of  elementary 
emitters  similar  to  electric  dipoles  and  quadrupoles.  As  we 
can  see,  the  diagrams  are  very  specific,  and  can  be  used  for 
establishing  the  nature  of  elementary  emitters  of  the  absorp¬ 
tion  and  emission. 

The  method  of  polarization  diagrams  can  be  applied  for 
solving  the  problem  of  multi-polarity  of  elementary  emitters 
nut  Juat  In  molecules  but  also  in  crystals.  For  example, 
when  exciting  radiance  of  cubical  fluorite  (CaPz)  crystals 
In  zone  of  the  first  absorption  band,  the  processes  of  both 
absorption  and  emission  cab  be  defined  by  electric  linear 
dipoles.  In  other  ease*,  the  nature  of  elementary  emitters 
can  be  more  oomplex. 
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Pig.  207.  Polarisation  Diagrams  of  various, and  variously  oriented 
elementary  electric  emitters.  Solid  curves-  when  the  respective 
axes  of  absorbing  and  emitting  oscillators  are  parallel;  clotted 
curves-  when  the  axes  are  at  right  angle  to  each  other. 


Determination  of  Molecular  Volumes  and  "T".  Having  the 
polarisation  readings  we  can  determine  the  volume  of  Investi¬ 
gated  molecules.  The  calculation  la  based  on  a  fomule  worxed 
out  b$  Levahln  and  Perenne: 


Tfh 
Vi  * 


> 
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Where : 


P-  Degree  of  polarization  in  the  conditions  in  which 
the  experiment  ia  being  carried  out; 

Po-  Terminal  Polarization; 

?-  Temperature; 

•)-  Viscosity  of  solution; 

R-  OSa  constant; 

V-  Volume  of  a  Oram-molecule; 

*5 -  Average  duration  of  the  excited  state  of  mole- 
cules. 

After  we  have  plotted  Vp  on  the  ordinate  axis,  and  TA-  on 
the  abscissa,  we  will  obtain  a  straight  line  (Pig.  206} .  nie 
segment  chopped  off  >y  the  curve  from  the  ordinate  axis  deter¬ 
mines  the  magnitude  of  1/Po,  and  the  tangent  of  angle  of  its 
slant  in  relation  to  the  absclsaa  axis,  with  equal: 

<20-7> 


When  "Y"  has  been  measured  regardleesly,  we  can  estimate 
the  molecule  volume  "VM.froai  the  above  formula.  In  this  way, 
one  had  determined  both  of  the  molecular  volume  and  solvate 
sheila  of  many  phthalsmldes,  antrscenes  and  acridines. 

On  the  other  hand,  having  inde¬ 
pendently  measured  the  "P"  and 
y  i  V  (the  value  for  "V"  can  be 

u\  |  •  i  TT  obtained  from  experiments  on 

s*  ***  diffusion),  we  can  determine  the 

1$  — — - .  value  for  *“Zn.  In  this  way,  A. 

4^  ’  N.  Savchenko  has  obtained  the 

.-I _ 1  j£_ _ _  *  values  of  "X"  for  solutions  of 

Ha  number  of  pigments.  Hy  applying 

the  above  method  for  metering  of 

- — .  •  "y,  one  can  get  away  without 

using  the  hard-to-get  f luorometers ; 

_ If  usually,  the  obtained  reaulta  are 

,w  t*  2,9  \t  5,9  pretty  accurate. 

#111.  Lumlneacence  Analysis  'f 
flon -organic  compounijeT 

Fig.  2C\  Dapo  lari  sat  lor.  'ine  number  of  pure,  n  on- 

of  luminescence  of  fluore-  organic  co^ounda  capable  to 
ecein  in  glycerins  whan  luminesce,  is  very  limited, 

heated.  Some  of  them  will  luminesce 

only  when  in  crystalline  for-, 

others  will  produce  radiance  only  in  solutions.  Theae  co.-.pounua 
include :  salts  of  the  rare-earth  element*  (R.E.E.);  uranyl  ealte 
^ Including  the  uranyl  group  UOg);  some  complex  salts  of  heavy 
metals  (TL,  Sn,  Pb);  platlnicyanlc  salts  .(with  the  group  Pt 
(CR)a) j  tungstates  and  molybdates  ( XUO %  and  ZNoOg,  where  the 
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Fig.  2C\  Depolarization 
of  luminaacanca  of  fluore¬ 
scein  in  glycerine  when 
heated. 


f  uranyl  group  UOg);  some  complex  salts  of  has 
i,  Pb);  platlnicyanlc  elite  .(with  the  group  Pt 


ilka  11 -earth  seta It  serve  as  cations  X);  alumlnates  (ALgOt); 
chromates  (Cr2  Oq);  and  a  number  of  previous  stones. 

By  far  the  Dlggest  part  of  all  luminescent  ncn-organi 
compounds  for*  the  crystalophosph jrl  whose  necessary  element 
c cases  in  form  of  admlxtures-a: tivetora ;  the  latter  are  deform¬ 
ing  the  crystalline  lattice  o *'  the  basic  substance,  enu  form 
the  centers  of  radiance,  Occasionally,  the  radiance  exciting 
defect*  of  the  lattice  form  ir.  the  very  process  of  preparing 
the  phosphorl,  with  no  special  ingredients  added.  Due  to 
complexity  of  the  radiance  process  of  crystalophosphorl,  and 
its  dependence  on  many  hard-to-be-accounted  factors,  a  chemical 
luminescence  analysis  of  the  above  compounds  is  being  used  but 
rarely.  Mostly,  It  is  used  when  working  with  minerals  which 
•re  crystal ©phosphor!  of  a  natural  origin. 

Prom  a  practical  point  of  view,  of  all  the  pure,  lumines¬ 
cent,  non -organic  substances,  the  rare-earth  and  the  uranyl 
compounds  ere  the  most  Important.  Their  solutions  display  a 
characteristic  radiance  which  has  been  thoroughly  investigated : 
for  these  compounds,  both  the  qualitative  and  quantitative 
Analysis  of  luminescence  have  been  worked  out. 

Luminescence  Analysis  of  the  Rare-earth  Compounds. 
ffiTTaTPea  tures  of  the  flare -earth  Element  b,  bflle  R.K.F. 
(with  their  atomic  number  from  ^7  up  to  71)  occupy  a  special 
place  in  the  Mendeleyev's  periodic  system.  When  the  atomic 
number  becomes  higher,  the  inner  electronic  shell  "4f"  (from 
zero  for  lanthanum  up  to  14  for  Ytterbium)  becomes  filled  up. 

On  the  other  hand,  the  outer  shell  of  all  R.E.E.  retains  the 
same  structure;  this  Is  why  all  of  them  are  chemically  similar. 
However,  the  optical  characteristics  of  the  R.E.E,  differ  from 
each  other  considerably.  This  can  be  explained  by  the  fact 
that  the  spectra  of  both  absorption  and  luminescence  ere  asso¬ 
ciated  with  transitions  between  the  therms  "4f"  of  the  shell. 

By  the  nature  of  their  luminescence  spectra,  the  R.E.E. 
can  be  divided  In  two  groups.  The  first  group,  the  so  called 
''Gadolinium  Group",  Includes:  Samarium  (Sin);  Europium  (Eu); 
Gadolinium  (Gd);  Terbium  ( Tb ) ;  and  Dysprosium  (Dy),  all  of 
which  are  occupying  a  central  place  among  the  R.E.E.  Their 
solutions  produce  very  characteristic,  narrow  bands  of  lumines¬ 
cence  which  at  low  temperatures  will  split  into  separate  lines. 
The  second  group,  the  so  called  "Cerium  Group"  includes: 

Cerium  (Ce);  Praseodymium  (Pr);  Neodymium  (Nd);  Ytterbium  O'H 
which  all  are  occupying  the  extreme  place  among  the  R.E.E. 

Their  solutions  produce  wide,  diffused  bands  of  luminescence. 

At  the  same  time,  some  of  the  R.E.E.  do  not  produce  any 
luminescence  at  all  (Holmlum  Ho  and  Lutecium  Lu),  the  radiance 
of  others  can  be  seen  only  In  special  conditions.  For  example 
radiance  of  Ytterbium  will  form  only  at  a  temperature  of  the 
liquid  air;  the  luminescence  of  Thulium  (Tu)  can  be  excited 
only  If  it  la  either  Immersed  Into  a  solid  solution  of  (ZnS*Tu- 
phoaphorl). 
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Special  Features  Characterizing  the  Spectra  of 
Luminescence  and  Absorption  of  the  K.S.fc.  The  particular 
uniqueness  of  the  k.E.fi.  Luminescence  spectra  comes  very 
handy  fcr  the  analytical  is  greatly  purposes.  However,  the 
luminescence  analysis  is  greatly  hampered  by  the  circumeter.ce 
that  the  luminescence  spectra  of  R.E.E.  (the  ratio  of  Intensi¬ 
ties  of  Individual  lines)  highly  depend  on  concentration  of 
the  investigated  element,  on  the  presence  of  other  R,E.E.,  and 
on  the  temperature.  Position  of  the  bands  will  also  change, 
depending  on  nature  of  the  main  substance  in  which  the  analyzed 
compound  is  located t  on  the  distance  between  the  anions  and 
cations  in  a  crystal,  and  on  the  crystal  constant  of  the  nain 
substance  lattice.  Moreover,  the  luminescence  spectra  of  the 
R.E.E.  are  vary  sensitive  to  the  influence  of  various  foreign 
admixture!.  Por  instance,  the  existence  of  even  traces  of 
nitric  acid  in  the  solution  is  sufficient  in  order  tp  fully 
extlnquish  the  luminescence  of  T ft  iona.  On  the  other  hand, 

Eu  will  luminesce  in  a  diluted  solution  only  in  presence  of 
traces  of  SOi"  iona. 

In  the  Gadolinium  group,  the  moat  intensive  radiance  in 
diluted  solutions  Is  produced  by  Tb  and  Gd  itself.  The  letter 
displays  only  a  single,  narrow,  ultra-violet  atrip  of  lumines¬ 
cence  in  the  zone  of  311  m m .  The  luminescence  spectrum  of  Tb 
1b  more  copious:  it  consists  of  seven  narrow  strips  positioned 
predominantly  in  the  long -wave  part  of  the  visible  spectrum. 
Their  half-width  is  2-5  him.  The  radiance  of  Eu,  Sm,  ard  Dy 
solutions  has  a  low  intensity,  consequently,  the  sensitivity 
of  their  analysis  on  the  luminescence  spectrum  is  rather  low. 

For  example.  In  a  solution  the  Tb  will  be  detected  if  its 
concentration  is*vlO“y  *ram/mi 11  filter  for  Eu  the  extreme  con¬ 
centration  is  only  ~  10”1*  gram/milliliter.  Nevertheless,  both 
Eu  and  Sm  are  excellent  activators  for  crystalophosphori;  Ln 
a  concentration  of  only  10"7  gram/gram,  they  will  produce  a 
bright  and  extremely  characteristic  radiance. 

In  the  second  group,  the  most  intensive  radiance  Is  pro¬ 
duced  by  "Ce".  Its  spectrum  appears  as  a  wide  band  which  emb¬ 
races  the  entire  near  ultra-violet  zone  from  313  up  to  4oy  n  M. 

A  high  radiance  Intensity  of  the  diluted  solutions  of  Ce*"^  per- 
mits  a  reliable  detection  of  this  element  presence  when  I '.a 
concentration  is  as  low  as  10”“  gram/millil iter. 

All  the  R.E.E. -s  are  characterized  by  a  solid  band  of 
absorption  in  the  far  ultra-violet  part  of  the  spectrum. 
Therefore,  they  are  usually  being  excited  by  either  an  electric 
arc  or  an  electric  spark  which  both  have  an  intensive  emission 
in  this  spectral  zone.  Sometimes,  the  R.E.E. -s  are  being 
excited  by  means  of  cathode  rays.  For  instance,  the  Indian 
scientists  have  applied  the  above  method  for  detecting  traces 
of  R.E.E.  ln  fluorites,  calcites,  limestones  and  in  the  ashes 
of  cosl  mined  In  India, 
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All  the  above  said  aerves  as  a  proof  that  the  luminescence 
analyela  of  R.E.E. -•  presents  a  hard  problem  due  to  their 
complete  lack  of  radiance,  some  elements  are  not  suitable  for 
analysis  at  all,  others  require  an  elaborate  technique.  Right 
now,  basically  used  are  the  methods  of  a  qualitative  and,  some¬ 
times,  a  semi -quantitative  luminescence  analysis  of  the  R.E.E. - 

Ths  method  of  Pearls.  One  of  the  recommended  methods  for 
a  qualitative  analysis  of  R.E.E. -8  la  the  method  of  pearls. 
Here,  the  R.E.E.-e  are  placed  In  the  pearls  of  either  borax  or 
phosphoric  acid.  In  these  media,  the  salts  of  many  R.E.E, -a 
(Sm,  Py,  etc.)  produce  a  very  Intensive  radiance  whose  spectrum 
consists  of  a  number  of  characteristic  bands.  The  Ce  salts 
have  a  solid  spectrum  whose  maximum  Is  close  to  450  mm.  To 
detect  the  sssll  amount  of  Eu,  one  has  to  produce  pearls  by 
fusing  the  basic  substance  (sodium  chloride  or  strontium  chlo¬ 
ride)  with  the  Investigated  specimen*  pearls  obtained  on  the 
base  of  sodium  chloride  produce  a  bright, ' violet-blue  radiance. 
Those  onathe  strontium  chloride  -  a  violet  radiance.  After 
having  prepared  a  set  of  standard  pearls  containing  a  now 
concentration  of  Eu,  one  can  determine  Its  approximate  quanti¬ 
tative  composition  in  the  analyzed  pearl.  There  are  also  other 
methods  which  permit  to  fast  determine  the  approximate  contents 
of  Eu  In  R.E.E.  oxides.  Sensitivity  of  this  method  reaches 
**-0.005^,  Its  accuracy  t  -  2<#. 

In  some  cases,  sensitivity  of  the  pearl  method  turns  out 
to  be  not  high  enough;  it  can  detect  Ce  with  a  concentration 
down  to^lO**  gram/gram,  and  Sm  with  a  concentration  down  to 
-10“3  gram/gram.  Moreover,  due  to  lack  of  radiance,  the  pearl 
analysis  of  La,  Pr,  Nd,  Er  is  unattainable. 

Introducing  the  R.E.E. into  Tungstate  and  Molybdates. 

kore  sensitive  than  the  above  la  the  method  where  R.E.E, -a 
are  fused  with  either  calcium  tungstate  (Ca  WO4)  or  calcium 
molybdate  (Ca  Mo  04).  In  such  a  solid  solution,  the  R.E.E. -s 
also  have  a  characteristic,  either  ruled  or  striped  spectrum 
which  only  little  Is  affected  by  the  substance  concentration, 
foreign  admixtures  or  the  presence  of  other  R.E.E. -s.  The 
CaW04  Itself  produces  a  sharp,  blue  luminescence  which  forma 
a  background  hampering  the  observation  of  the  rare -earths 
radiance;  this  interference  car.  be  reduced  by  heating  the 
specimen  up  to  ICO0  Centigrade,  when  the  temperature -induced 
extlnquiohing  of  rare-earths  is  not  yet  noticeably  affected. 

In  the  above  method,  the  excitation  Is  being  effected  by 
a  mercury,  low-pressure  discharging  tube.  The  Investigated 
substance  should  be  deposited  on  the  inner  surface  of  the  tube 
which  then  is  placed  In  a  cylindrical  oven  where  radiance  of 
of  the  CaWOii  will  be  suppressed.  The  luminescence  will  be 
watched  through  a  window  in  the  oven.  By  studying  the  radiance 
in  the  ultra-violet,  visible  and  nearer  infra-red  parts  of  the 
spectrum,we  can  carry  out  analysis  on  many  R.E.E. -a  and  their 


66 


combinations.  For  example,  the  described  method  allows  detect¬ 
ing  *^10“7  gram  of  Sm  in  1  gram  of  CaWOjj.  However,  some  R.E.E.-s 
could  not  be  detected  by  this  method. 

The  Method  of  Additives.  For  phosphorl  on  a  base  of  CaS, 

Sr S,  and  also  on  the  base  of  ZnS,  the  R.E.E.-a  can  serve  as 
activators,  and  can  determine  the  nature  of  radiance.  In  this 
way,  we  can  detect  minute  amounts  .»f  R.E.E.-s  in  the  sample. 

For  instance,  to  solve  a  number  of  practical  problems.  It  is 
Important  to  obtain  Thorium,  and  Its  compounds,  with  extremely 
small  contents  of  R.E.E,  admixtures  (not  more  than  10"^  -  10“^), 
Such  minute  contents  of  R.E.E.  can  be  detected  only  by  means 
of  a  luminescence  analysis  using  the  method  of  additives. 
Principle  of  the  above  method  la  as  follows.  A  set  of  crystalo- 
phosphorl  should  be  prepared,  with  the  Thorium  to  be  analyzed 
as  their  base;  the  Thorium  is  turned  into  Thorium  sulfate  or 
Thorium  oxide.  The  R.E.E.  activators  (Gd,  Sm,  Eu)  are  being 
introduced  In  a  fora  of  additives  of  a  different  concentration. 

It  has  been  established  that,  in  a  wide  range  of  concentration, 
there  exists  a  certain  ratio  between  the  brightness  of  tne 
crystalophosphorl  radiance  and  the  concentration  of  the  R.E.E. 
contained  therein  either  as  a  natural  Ingredient  or  an  additive. 
Then:  ■«- 

h  t_  cM  (20.9) 

/*  C,  +  C|  ' 


Where:  r  T  -  the  respective  brightness  of  the 

l  1  and  iz  phosphorus,  without  or  with  an 

additive  which  has  a  concentration 
Ca ; 

C*  -  The  R.E.E.  concentration  to  be 
found. 

In  general,  fcr  any  value  of  Ca : 
/-A(C,  +  CJ,  (20.9) 

Where:  A  -  the  rau lance  intensity  of  the  phos¬ 

phorus  when  the  concentration  of 
the  R.E.E.  equals  1. 

Having  plotted  the  values  for  "  "  on  the  axis  of  ordinates, 

and  those  for  "C®"  on  the  axis  of  abscissae,  for  a  series  of 
phosphor!  we  will  obtain  a  straight  line  whose  inclinat ton 
permits  estimating  the  value  for  ”A",  and  the  sector  on  the 
abscissae  axle  between  the  point  where  it  is  bisected  by  the 
straight  line,  and  the  center  of  coordinates,  determines  the 
value  of  Cx  (Pig.  209). 
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Pig,  209.  Quantitative  determination  of  samarium  in 
Thorium;  metallc  thoriums  1*  pure,  2-  artificially  contaminated 
with  a  R.E.E, 

It  la  Important  that  the  additives  C»  are  conmensurated 
with  Cx  (they  should  differ  from  the  latter  several  times  over). 
Therefore,  at  firat,  by  the  relative  radiance  intensity  of  three 
phosphorl  each  with  a  drastically  different  concentration  of 
the  Investigated  R.E.E.,  the  order  of  magnitude  of  the  Cx  In 
a  non-actlvated  phosphorl  should  be  estimated.  Next,  a  set  of 
phosphor 1  should  be  prepared,  with  various  values  of  Ca,  and 
by  the  intensity  of  their  radiance  the  Cx  can  be  determined. 
Radiance  of  the  phosphorl  is  being  excited  with  an  electric 
spark,  using  a  phosphoroscoplc  apparatus.  It  has  been  estab* 
llshed  that  in  the  thorium-phosphori  activated  by  Gd,  Sm,  and 
Eu,  the  foreign  contaminators  Sra,  Eu,  Dy,  Fe,  Mo,  Cu,  and  also 
their  combinations,  which  exist  there  in  a  quantity  of  10’5 
10"5  gram/gram,  practically  do  not  effect  the  analysis  accur¬ 
acy,  but  noticeably  lower  its  sensitivity  (Fig.  209).  The 
method  of  additives  is  being  applied  also  for  a  quantitative 
determination  of  Qd  In  metallic  be. 

There  are  also  known  other,  more  specific  methods  for 
determination  of  some  R.E.E, -s.  For  example,  there  is  a  quite 
sensitive  method  of  determining  a  R.E.E.  in  calcium  oxide  which 
should  be  placed  In  the  colorless  flame  of  hydrogen.  Ever,  with 
an  Insignificant  concentration  of  the  R.E.E. ,  the  slow  electrons 
In  the  flame  will  excite  a  noticeable  radiance. 

Luminescence  Analysis  of  the  Uranyl  Compounds. 

Among  the  uranyl  compounds,  the  uranyl  salts  enbracir.,*  the 
uranyl  group  UO2  have  a  significant  capabality  of  luminescing. 
Their  luminescence  spectra  are  very  characteristic,  and  consist 
of  a  number  of  bands  at  an  approximately  equal  distance  frcm 
one  another.  Usually,  the  molecules  of  uranyl  compounds  con¬ 
tain  a  great  amount  of  water  of  crystallization  which  to  a 
great  extent  affects  their  spectra  of  luminescence. 

Characterlatica  of  spectra  also  greatly  depend  on  the 
contents  of  the  investigated  salt  and  the  structure  of  its 
crystal.  Radiance  of  the  uranyl  salt  solutions  is  considerably 
weaker,  and  their  spectra  more  washed  out. 
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Glass  tinted  with  uranyl  salts  luminesce  brightly.  The 
radiance  intensity  of  uranyl  compounds  goes  up  significantly 
when  they  are  cooled  down  to  the  temperature  of  the  liquid 
nitrogen.  Fig.  210  shows,  the  luminescence  spectra  of  uranyl 
sulfate  UOg  SO4  3H2O  in  both  a  crystal  fora  and  solution  of 
sulfuric  acid  at  a  room  temperature. 

A  qualitative  luminescence 
analysis  of  uranyl  com--* 
pounds  la  easy  to  perform 
aa  they  produce  an  inten¬ 
sive  and  characteristic 
radiance.  By  having  accur¬ 
ately  measured  the  wave-le¬ 
ngths  of  bands  of  the  lumine¬ 
scence  spectrum,  one  can 
establish  the  nature  of  the 
Investigated  salt. 

In  a  quantitative  lum 
lneecence  analysis,  Rmall 
concentration  of  the  uranyl 
compounds  are  usually  Jeter- 
mined  by  the  method  of  pearls. 
The  luminescence  intensity 
of  the  uranyl  compounds 
includes  when  fused,  into 
the  pearls  of  either  borax, 

HaP  or  KF  in  a  wide  range 
of  concentration  (up  to  1.10-0 
graav^gram  NaP)  will  vary  with 
their  respective  concentra¬ 
tion.  A  quantitative  deter¬ 
mination  of  uranyl  contents 
in  comparing  the  radiance  intensity  of  the  pearls  to  be  analyzed 
with  the  of  the  standard  pearls  in  which  the  concentration  oi 
uranium  la  known. 

When  excited  by  a  mercury  lineyV*  365  m M,  the  pearls  on 
a  MaP  base  produce  a  yellow-green  lumlneacerfce  (Xmax“  555  m M). 
Radiance  of  a  similar  spectral  contents  can  form  also  with  J 
Niobium;  however,  it  will  be  excited  by  a  more  short-wave  radi¬ 
ation,  ae  for  instance,  by  a  resonance  mercury  line  with  X  r 
253.7  m  At .  In  pearls  based  on  KF,  no  radiance  of  Niobium  can 
be  excited.  However,  the  luminescence  intensity  of  uranyl  com¬ 
pound*  in  these  pearl*  is  considerably  lower  than  in  those  with 
NaP. 

In  some  caaea  the  pearls  &re  being  made  of  e  more  rc-r >  • 
mixture,  consisting  of  NaP,  NagCO}  and  K2CO3  ,  all  taken  'n  a 
certain  proportion.  Here,  we  can  lower  the  temperature  ;• 
which  the  pearls  art  being  produced,  from  1,100°  down  to 
Centigrade. 


Pig.  210.  Luminescence  spectra 
of  uranyl  sulfate: 

A-  crystalline  UO2SO4  3HpO; 
B-  solution  UO2SO4  3H2O  in 
■ulfuric  acid. 
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For  a  higher  accuracy  of  the  analyst  a.  It  is  importa;,* 
that  the  technique  of  pearl  prepaid tlon  Is  atanderic.e u :  th- 
pearls  should  be  made  of  equal  aiz<»;  their  fusing  anould 
proceed  for  a  certain  predetermine u  time;  one  should  take  Ir.t : 
socount  the  drop  of  Intensity  of  the  pearl  radiance.  A  prcc-.u- . 
which  can  be  observed  wlthlr.  the  *  otal  12  hours  after  they  h* w 
been  prepared. 

The  radiance  Intensity  of  uranium  compounds  In  pearls  'an 
be-  greatly  affected  by  presence  ;f  foreign  admixtures  many  of 
which  turn  out  to  be  luminescence  extinqulahera.  For  instance, 
fr,  Mn,  Co,  Nl,  La,  Pt,  Au,  Ce,  Pr,  Nd  are  all  strong  extln- 
qulahers;  leas  active  In  this  respect. are:  Fe,  Cu,  Zn,  In  and 
Th;  T1  and  W  are  mild  extinqulshers.  Other  elements  practically 
(to  not  affect  the  luminescence  Intensity  of  pearls  at  all.  For 
example,  the  presence  of  neptunium  and  plutonium  does  not  hamper 
an  analysis  on  uranium. 

A  number  of  other  foreign  admixtures  have  an  extlnqulahlng 
capability,  too.  Particularly,  all  the  tinted  oxldea  (Fe,  Co, 
Nl,  Mn,  Cr,  etc.)  turn  out  to  be  quite  strong  extlnqulahers. 

When  carrying  out  a  quantitative  analysis,  the  strongest  extin- 
qul share  should  be  eliminated  from  the  Investigated  speolaen 
chemically. 

The  pearl  method  la  being  widely  used  in  the  luminescence 
analysis  on  ores  containing  leas  than  0.0l£  of  uranium.  When 
metering  photoelectrlcally,  thecabove  method  permits  detecting 
the  amounts  of  uranium  from  10“'  down  to  gram  in  0.3  gram 

of  NaP.  Here,  the  analysis  accuracy  reaches'^*  5*,  When  meter¬ 
ing  visually,  the  accuracy  drops  down  to  i  30?. 

Luminescence  Analysis  of  other  Non-organl;  Compounds. 

When  carrying  out  the  luminescence  analysis  on  many  n on - 
organic  compounds,  they  often  utilize  the  luminescent  reactions. 
For  example,  to  determine  the  air.;  unt  cf  Indium,  they  perform  a 
reaction  between  anions  of  IN  3?-^  and  cations  of  rhodamlne  pig¬ 
ment  3  B.  The  obtained  compound  is  then  extracted  by  means  of 
Benzene.  By  reading  the  rac.isr.~e  intensity  of  the  above  solu¬ 
tion,  one  can  established  ita  contends  of  In  down  to  2.10"°  gram 
in  5  mllli-llter  cf  solution.  Bt.ommended  are  also  other  rea- 

§ente  which  form  luminescing  comp’ exes  with  various  cations: 

-  hydroxyqulnol ir.e  for  Li  and  Al;  morin  for  Be,  Al,  Sn,  Zr; 
rhodamlne  E  for  A g,  Oa,  Tl,  Te :  3-  oxlflafol  for  Zr,  Hf; 
trloxyfluorone  for  Th;  Benzoin  for  B;  etc. 

As  Indicated  before,  many  metals  csn  serve  as  activators 
In  cryatalophosphor 1  which  produce  a  strong  luminescence. 

This  circumstance  can  be  used  dvr*ng  the  analysis,  rcr  *  >0 -.ole, 
when  analyzing  antimony,  a  drop  of  t\c  investigated  samp;-’ 
should  be  deposited  on  the  r-.on-l  um’nescer.t  calcium  oxide, 
during  the  calcination  in  presence  of  Sf1,  %  :ryata lop  .  . -*r 

CaO  SB  forma  whose  color  of  lunln^scen  e  spends  on  the  c  #:.cerv- 
tration  of  antimony.  The  abov*  n.ethcd  permits  a  qualitative 
detection  of  down  to  1,10-1^  g: am  of  Sb  lens  in  a  drop  of 


solution  (  0.01  milli-liter). 

By  creating  the  crystalophosphorus  KI  Sn,  we  can  detect 
Sn^  in  a  solution.  For  this  purpose,  a  drop  of  the  solution 
and  a  drop  of  KI  shall  be  deposited  either  on  a  filter  paper 
or  on  a  non-glazed  porcelain  plate.  If  Sn  is  present,  the 
spot  will  produce  a  bright-yellow  luminescence.  The  above 
method  allows  detecting -when  on  paper-  0. 02 y* -gram  of  Sn  if 
diluted  in  ratio  It  5*10*;  and  when  on  porcelain-  O.OOO^H-gram 
of  8n  if  diluted  in  ratio  1:1.5* 10°.  By  using  the  method  of 
forming  the  crystalophosphorl,  one  can  detect  mlcrosplc  amounts 
of  Hg,  Tl,  Bl*  pft  and  other  elements. 

Known  is  alao  a  luminescent  method  of  establishing  the 
contents  of  chromium  in  synthetic  rubles  whose  characteristics 
are  being  determined  by  its  concentration.  Ions  of  chromium 
(CrM  * )  affect  the  red  tint  and  the  intensive  luminescence 
of  rubles.  When  their  concentration  goes  up,  the  lumines¬ 
cence  spectrum  will  change  drastically;  the  percentage  of  the 
long-wave  infra-red  emission  will  Increase.  At  the  same  time, 
the  ratio'  of  intensity  of  the  spectrum  Infra-red  part  to  that 
of  the  chromium  doublet  (X"  692.7  and  694.2  ms)  will  go  up 
by  the  exponential  law.  Having  measured  this  patio,  we  can 
determine  the  contents  of  chromium  in  any  sample  with  an  accu¬ 
racy  of*?*  5%,  without  any  special  processing  of  their  surface 
required. ~ 

Such  anamnalysls  is  very  important  in  the  manufacture  of 
precision  apparatus  and,  particularly,  for  the  watchmaking 
industry. 

#112.  Luminescence  Analysis  of  Organic  Compounds. 

numerous  organic  substances  have  a  capability  to  luminesce . 
They  include  the  most  simple  aromatic  compounds: 


0  03  CO) 

tSSm  St3B«  2P5U 


Many  of  their  derivatives,  some  heterocyclic  compounds 
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with  conjugate  bonds 
of  CH^,  c2ny  c6h5  * 


derivatives),  the  chain-like  compounds 


(R-(CH»CH)~-  Ri  ,  where  R  and  R^  -  groups 
CgH^,  etc. 7,  some  pigments: 


and  many  other  compounds. 

Some  organic  substances  can  luminesce  when  in  vapor, 
liquid  or  solid  state,  others-  or.iy  when  In  solutions. 

The  luminescence  spectra  of  solutions  of  the  organic 
compounds  appear  as  wide  bands,  at  either  the  visible  or  t ) 
nearer  ultra-violet  zone  (Pig.  187).  In  spectra  of  some 
substances  one  can  see  their  oscillating  structure  which  is 
particularly  distinct  at  low  temperatures.  Different  factor 
are  greatly  affecting  the  luminescence  properties  of  3oluti< 
of  the  organic  compounds.  For  instance,  both  the  shape  and 
distribution  of  the  luminescence  bands  may  depend  on  the  va: 
of  the  solution  ’'pH"  (Pig.  1 86 ) ,  on  nature  of  the  solvent,  ; 

the  temperature.  Moreover,  the  luminescence  output  may  dept  7 
on  the  existence  of  foreign  extlnquishing  admixtures  in  the 
solution,  and  the  latter’s  concentration.  All  these  factor 
should  be  fcaken  into  account  when  working  out  the  analysis 
technique. 

The  luminescence  methods  are  being  used  for  both  the  q  11 
tative  determination  of  various  organic  substances,  particu  rl 


of  the  compounds  affecting  the  organisms  of  the  human  nr..i 
animal  world.  Included  here  are:  vitamins,  ikormor.es,  pign*.-r.'.: 
antibiotics,  cancerogenic  substa:;cen,  and  many  others.  A.u?v, 
the  methods  of  the  luminescence  analysis  play  an  important 
role  in  the  research  on  oils  and  bitumens. 

The  Luminescence  Analysis  of  Biologically  Ac tive . Subs: an 

tumlnescence  Analysis  of  Vitamins.  The  vitamin  Fg  (Ct  ~TT^~ 

N4O5)  called  wribof lavinw  or  La ct ©flavin"  is  intensively  1  um : 
cing  in  a  solution.  It  is  contained  in  liver,  milk,  eggs,  ve. 
tables,  and  plays  an  important  role  in  the  metabolism  ol*  the 
human  body.  Its  luminescence  spectra  appears  as  a  washed-cut 
band  with  its  maximum  at  535 

Riboflavin  can  be  detected  by  their  photochemical  react U 
created  by  the  exciting  light.  When  excited,  the  riboflavin 
which  usually  remains  in  eltner  a  neutral  or  acidulous  soluble 
turns  Into  lumichrome  producing  a  blue  luminescence.  In  an  . 
alkaline  solution,  under  an  ultra-violet  radiation,  riboflovir 
will  turn  into  lomiflavin  which  produces  a  sky-blue  radiance: 


It  is  difficult  to  carry  out  an  analysis  on  vitamin  h'c 
because  one  haB  to  determine  its  significant  amount  in  such 
complex  systems  as  the  foodstuff,  plant  tissue,  etc.  For 
each  case  an  individual  method  has  to  be  worked  out. 

A  quantitative  analysis  of  the  Bo  vitamin  is  carried  out 
in  a  complex  way.  From  the  investigated  sample  it  has  to  he 
transformed  into  a  water  solution;  then  it  should  be  absorbed 
on  special  adsorbents  (lead  sulfide,  frankonite,  etc.),  from 
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which  It  is  transferred  into  the  p'rldlne  solution.  Try  com¬ 
paring  the  radiance  intensity  of  the  pyridine  solution  with 
that  of  the  standard  one,  one  can  determine  the  concentrate-:: 

•  ;f  the  B2  vitamin  in  the  sample.  However,  such  a  analysis 
very  time-consuming.  Therefore,  simplified  methods  are  ofte:. 
used  which  allow  a  quantitative  estimate  of  the  Eg  vitamin 
contents.  For  Instance,  when  cs*  jbli3hlng  the  vif.ominosity 
of  milk,  the  riboflavin  should  be  transferred  into  acetone 
solution  whose  radiance  intensity  will  be  compared  with  that 
of  a  standard  cube  made  of  uranyl  glass.  The  cube  radiance 
should  be  priliminarily  graduated  by  the  standard  solutions 
containing  a  know  concentration  of  riboflavin. 

The  human  body  is  greatly  effected  by  vitamin  (612^3 

ON4SCL2)  called  either  thiamin  or  aneurln,  which  doeB  not  pro¬ 
duce  luminescence.  However,  it  can  be  detected  by  a  thlochrome 
method  which  consists  of  oxidizing  the  vitamin  by  potassium 
ferricyanide  Kq[F«  (CN)6l  after  the  former  has  been  turned  into 
a  aqueo-alkallne  solution.  In  result  of  the  above  reaction,  a 
new  substance  will  be  created-  the  thlochrome  which  produces  a 
very  intensive,  blue  luminescence  "  460-4? 0  rim).  Frcm 

the  obtained  mixture,  the  thlochrome  Safi  be  separated  by  using 
the  isobutyl  alcohol.  By  comparing  the  radiance  intensity  of 
the  thlochrome  solution  with  that  of  the  standard,  one  can 
determine  its  concentration.  Then,  by  a  calculation  one  can 
determine  the  Bi  vitamin  concentration  in  the  investigated 
sample. 

Majority  of  the  other  vitamins,  as,  for  example,  vitamin 
C  (C5H8O6-  ascorbic  acid),  vitamin  E  (C29H30O?-  toxferol), 
have  their  own  radiance.  Some  of  the  non-luminescing  vitamin 
(vitamin  A-C^Ho^ )  can  b®  turned  into  luminescing  compounds 
by  means  of  a  chemical  reaction.  Thus,  the  luminescent  methods 
can  be  used  also  for  analysis  of  these  compounds. 

Luminescence  Analysis  of  Hormones.  Luminescence  methods 
can  be  also  used  for  analysis  of  various  hormones*.  For  instance, 
widely  applied  Is  the  luminescence  analysis  of  adrenaline  -  an 
Important  hormone  which  forma  in  the  suprarenal  glands 


HO 


HOH- 


’»2 - 


NH — CH3. 


The  above  compound  la  being  applied  for  boosting  the  blwod 
pressure,  for  heart  diseases,  etc.  An  intensive,  yellow  rail  no 
car.  be  seen  only  in  an  alkaline  solution  of  the  adrenal  lne. 
However,  the  radiance  la  emittcc:  not  by  the  adrenaline  iteell 
but  by  the  product  of  its  ox ida.'lon.  In  analysis  oec ome s  c  on.p  * 
due  to  the  circumstance  that  the  oxidation  process  does  net 
here  but  goes  on  and  develops  continuously  until  the  solution 
will  completely  loae  its  luminescent  capability.  The  second  po”-. 
of  the  process  can  be  effectively  retarded  if  the  analysis  Is 
being  carried  out  In  a  solution  of  the  concentrated  alkali  :.r '  L. 

*  Hormones  -  Biologically  active  substances  discharged  inti  t:.c 
blood  and  the  tissue  liquid  by  the  inner  secretion.  They 
greatly  affect  the  metabolic a  la  both  human  and  animal  be  lira. 
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i  reducing  a  characteristic  an  :  Intensive  radiance,  *  toe.  Th* 
most  Important  of  them  ar*--  the  por  phyrin*  a  fderlv  jti  v<*s  of  ■.  ;• 
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Where  R  -  the  methyl  group  of  CH,  or  some  other  radlcslf*. 
They  are  discharged  from  blood,  liver,  brain  and  other  biolo¬ 
gical  substances  contained  in  bodies  of  animals  and  birds. 

The  porphyrlne  radiance  id  located  in  the  long-wave  part  of 
the  visible  spectrum  (between  600  and  8C1  mA),  and  consists 
of  two,  three  or  four  characteristic  narrow itripa.  Different 
porphyrlnes  have  their  Individual  radiance  stripB  very  cles*- 
to  one  another,  and  thus  not  easily  identifiable. 

The  porphyrlnes  are  bases.  Therefore,  their  ldm! nearer.’' 
spectra  are  highly  dependent  on  value  c*f  "pH"  of  the  solution: 
lower  pH  will  shift  them  towards  the  short  waves.  In  different 
porphyrlnes,  the  radiance  intensity  ctepends  on  the  pH  value  in 
a  different  way.  This  feature  can  be  utilized  for  the  purpos' 
of  their  separation  and  identification.  As  an  example,  "fir,  ?:i 
shows  the  corresponding  curve  for  three  different  porphyrinrs. 


*  Pigments  -  the  tinted  organic  substances  contained  in  th*. 

tissues  of  living  organisms,  and  important  for  their  func¬ 
tioning. 
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Pig.  2 IX.  Luminescence  intensity  of  Porphyrlnes  as  a 
Function  of  the  "pH"  value: 

1  -  He*atoporphin;  2  -  Isouroporphln; 

3  -  Uroporphin. 

Very  close  by  its  structure  to  the  porphyrlnes  13  the 
chlorphyll  (  a  complex  salt  of  the  porphin)  which  is  the  green 
pigments  of  the  plants,  and  is  biologically  h  ghly  Important. 

^'he  chlorophyll  absorbs  the  light  energy,  and  transforms  It  Into 
chemical  energy  of  organic  substances  formed  during  the  photo¬ 
synthesis,  The  chlorophyll  can  exist  in  either  of  the  two 
hard-to-be-separated  modifications:  the  blue-green  chlorophyll 
"A"  (Ccc  H™  °5  N4  Mg)  and  the  bright-green  chlorophyll  "B" 

(C55  H70  0&  N4  M.  ), “Usually.  the  leaves  of  plants  contain  three 
times  ae  much  chlorophyll  "A"  as  chlorophyll  "B".  In  organic 
solvents,  the  chlorophyll  will  produce  an  intensive,  dark-red 
luminescence  whose  spectrum  consists  of  two  bands  between  650 
and  730  m  a,  The  bands  of  the  chlorophyll  "A"  luminescence 
are  somewnat  shifted  towards  the  long -waves  as  against  those 
of  the  chlorophyll  nB", 

When  performing  a  luminescence  analysis  of  chlorophv.il, 
they  use  the  method  of  chromatographing  on  paper  (  #  I08). 

They  are  handy  when  separating  the  chlorophylls  "A"  and  ''B", 
end  also  when  separating  the  chorophyll  from  some  other 
pigments  (  for  example,  the  carotlnoids).  In  this  case,  one 
of  the  following:  the  benzine,  petroleum  ether,  or  acetone, 
s^rvc  as  a  solvent. 

Luminescence  Analysis  of  Antibiotics.  Known  are  met no  is 
of  luminescence  analysis  of  some  cf  the  antibiotics  (aureom.'V:., 
terramycin,  etc.)t  These  compounds  are  luminescing  only  or. 
alkaline  medium.  Aureomycin  produces  the  most  intensive  ; 


*  Antibiotics  -  compounds  created  by  micro-organisms,  whi.d, 
are  capable  to  check  or  destroy  bacterias  or  other  micro!  v . 
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pif  -  the  terramycin  -  at  pd  — V.  A  n-:  r»rv  am>vv  *;  of 

•iiuetic  soda,  and  a  little  of  butyl  a.sohol  should  be  a  .i-  -. 
to  the  biological  liquid  to  be  analyzed,  or  its  extract:  *„r.<* 
caustic  soda  will  raise  the  solution  r>H.  The  butyl  ol'*-.'nol 
'..'111  extract  these  substances  from  the  solution.  It  ha:-  been 
o:  oerta  ined  that  the  intensity  of  ‘he  created  lumlnoev'-r.  .•? 
varies  with  the  concentration  of  *:.»  antibiotic  In  th*.-  solu¬ 
tion,  if  the  concentration  is  betw-.-rn  5»  1 0“f>  r»nd  5*1C"‘-'  gram- 
milli-liter. 

When  an  antibiotic  Is  losing  ’  ta  biological  activity,  its 
luminescence  spectrum  will  change  considerably.  For  instance, 
•h«’  yellow-orange  radiance  of  the  aureomycln  will  turn  into 
blue.  The  yellow  luminescence  of  the  tobramycin  will  become 
greenish.  Thus,  by  the  spectral  content.}  of  their  emission, 
the  antibiotics  can  be  checked  as  to  their  activity. 

Luminescence  Analysis  of  Cane erogenic  Compounds. 

In  certain  conditions,  the  cancerogenlc  substances  can 
serve  as  exciters  of  the  malignant  cancerous  tumors.  Mostly, 
they  represent  polycyclical,  aromatic  hydrocarbons  containing 
the  cyclic  groups  of  either  phenanthrene  or  benzanthracene; 
for  example;  *  *  *  .  * 


ir 
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Many  of  them  are  contained  in  the  by-products  of  coal?* 

The  cancerogenlc  substances  produce  an  intensive  lumines¬ 
cence  whose  spectrum  consists  of  three  or  four  strips.  It 
could  not  be  ascertained  if  there  is  any  direct  link  between 
their  lumLneaclng  and  cancerogenlc  properties.  However,  their 
intensive  ami  characteristic  radiance  can  be  utilized  for  ana¬ 
lytical  purposes. 

It  is  very  hard  to  determine  the  cancerogenlc  substance.*, 
notably  the  3.*  benzopyrene,  in  tors  because  their  radiance 
is  hindered  by  luminescence  of  the  basic  substance.  Moreover, 
different  admixtures  usually  can  be  found  in  tars,  and  they 
may  extinquish  the  radiance  of  the  cancerogenlc  compound.  There¬ 
fore,  the  tara  should  be  disrolv*.  i  in  vaseline  oil  where  tr.e 
strips  of  the  benzopyrene  become-  narrow  and  clear;  also,  due 
to  the  solvent  high  viscosity,  the  extinquiahing  properties 


*  Cancerogenlc  characteristic.^  can  be  found  also  in  other  sjo- 
stances  of  a  most  varied  chemical  structure,  for  instance,  th' 
aminocompounda,  and  also  some  hormones. 
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of  the  admixtures  becomes  less  acute.  For  a  better  sesitivity 
of  the  analysis,  the  metering  should  be  carried  out  at  a  temper¬ 
ature  of  liquid  air  (-l8o°C),  when  the  lumonescence  strips  be¬ 
come  much  more  distinct..  In  this  way,  one  can  detect  benzophy- 
rene  with  a  concentration  of ** 10"3£  by  the  appearance  of  its 
moat  intensive  line  4035  A. 

At  low  temperatures,  parallel  to  the  fluorescence  spectra, 
one  can  also  use  the  spectra  of  phosphorence  which  are  consider- 
ably  shifted  towards  the  long  waves.  In  this  way,  we  can  measure 
both  spectra  of  radiance  without  usong  a  phoaphoroscope.  In  some 
cases,  the  spectra  of  phosphorence  are  very  characteristic,  and 
the  permit  differentiating  the  isomeric  cancerogenlc  compounds 
even  though  their  fluorescence  spectra  fully  coincide. 

Even  better  results  one  can  attain  when  performing  the 
preliminary  chromatographic  fractionation. of  the  sample,  and 
placing  It  into  frozen  solutions  of  n-hexane  or  n-octane.  If 
the  sample  contains  the  benzopyrene,  the  spectrum  of  its  lumines¬ 
cence  will  become  ruled,  and  the  wave-lengths  of  its  individual 
lines  In  these  solvents  will,  with  an  accuracy  of  up  to  a  decimal 
of  one  Angstr&m,  coincide  with  the  lines  of  a  pure  Benzopyrene, 

In  a  similar  way,  one  can  detect  cancerogenlc  hydrocarbons  in 
the  smoke  discharges  of  factory  Btacks  where  benzopyrene  reveals 
Itself  already  at  C~>»10~9  gram/gram  of  substance. 

Luminescence  Analysis  of  Crude  Pile  and  Bitumens 

Bitumens  are  tne  gaseous,  liquid  or  solid  substances  which 
consist  of  hydrocarbons  or  their  derivatives.  In  nature,  they 
can  be  found  either  in  a  pure  form  (tars,  petroleum  oils,  natural 
gas  ),  or  in  combination  with  various  mineral  rocks  (oil  shales, 
asphaltenes)  or  aa  organic  solid  formations  (mined  coal).  Botn 
the  petroleum  oils  and  other  natural  bitumens  represent  multi- 
component  systems  which  consist  mainly  of  varios  types  of  hydro¬ 
carbons.  They  include:  the  terminal  paraffin  hydrocarbons  (CnH2n+fc), 
It&PHtflHBB  -  aliphatic  hydrocarbons  of  a  terminal  nature  (CnH2n) 
i'or  example,  the  cyclohexane: 


H, 


H,-£  C-H,  ’ 

\/ 
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aromatic  hydrocarbons  (benzene  and  its  higher  homologs);  non-ter¬ 
minal  hydrocarbons  (C^H^)  of  the  ethylene  (HgC  =  CH2)  order; 


complex,  high-mole'-ular  hydrocarbon:.;  ana  some  other  subnt  w.  .  . 

Most  of  the  above  compounds  produce  a  luminescence, 
observable  luminescence  of  petroleum  oil  represents  a  tota'. 
radiance  of  all  Its  numerous  luminescing  components.  Cons*- ru*  n*.  iy 
the  spectrum  of  luminescence  will  -.epend  not  Just  on  the  qu*. 1- 
tatlve  but  also  on  the  quantitative  contents  of  the  oil  or  bitumen 
Many  components  cause  the  total  ijectrum  to  appear  washed  c-  t  an 
thus  little  fit  for  analysis.  Another  factor  whl:h  significantly 
hampers  the  luminescence  analysis  of  the  petroleum  oil.  Is  the 
existence  therein  of  large  amount:-  of  contaminating  ingredients 
which  either  extinquiah  or  conceal  the  radiance  of  its  individual 
components.  Various  techniques  have  been  worked  out  aiming  at 
overcoming  these  obstacles.  Particularly,  it  has  been  foun.i 
advisable  analyzing  the  narrow-temperature  fractions  of  the 
petroleum  oil,  an  parallel  to  their  spectra  of  luminescence  also 
to  investigate  their  spectra  of  absorption. 

At  present,  the  luminescence  analysis  is  being  widely  used 
for  determination  of  both  the  qualitative  and  quantitative  con¬ 
tents  of  bituminous  substances  in  rocks,  waters,  clay  solutions 
and  in  prospecting  for  oil  fields.  The  high  sensitivity  of  the 
luminescent  method,  and  the  convenience  of  an  "instant"  analysis, 
allow  a  fast  prospecting  of  large  areas  in  an  oil-bearing  terri¬ 
tory. 

One  can  apply  any  of  the  several  types  of  the  luminescence 
analysis:  the  method  of  a  drop;  that  of  a  standard  specimen;  the 
method  of  a  capillary;  the  method  of  components.  In  each  of 
the  above  approaches,  the  excitation  is  being  effected  by  either 
the  ultra-violet  or  the  short-wave,  visible  radiation. 

The  Method  of  a  Drop  consists  in  depositing  a  drop  of  lumine- 
scent  advent  (usually  tne  chloroform)  on  the  surface  of  the 
ground  rock  sample.  The  chloroform  dissolves  the  bitumen  containe 
in  the  rock  and,  after  having  evaporated,  it  leaves  a  spot  that 
will  luminesce  when  subjected  to  an  exciting  light.  By  the  shape 
of  the  spot  and  by  the  spectral  ’omposltion  of  its  emanation,  one 
can  determine  the  type  and  the  approximate  quantity  of  bitumen 
contained.  Even  with  the  equal  amount  of  bitumen  contained,  but 
due  to  a  varied  friability  of  the  rocks,  the  luminescing  spots 
can  have  different  shapes. 

The  Method  of  a  Standard  Specimen  consists  in  dissolving 
a  predetermined  amount  of  the  Investigated  sample  in  a  knov.n 
amount  of  chloroform.  As  a  result,  one  obtains  a  solution  of 
bitumen  in  chloroform  with  a  certain, well  known  concentration. 

If  the  bitumen  contents  doer  not  ^\ceed  10  -“’S,  the  radian-  • 
intensity  will  vary  with  the  concentration.  Therefore, 
starting  the  analysis  itself,  one  should  carry  out  the  "drop'' 
method  analysis  which  will  establish  the  approximate  contents 
of  bitumen  in  the  sample.  Afterwards,  a  solution  should  be 
prepared  with  such  a  concentration  that  the  rule  of  the  Dro- 
portlon  (intensity  of  radiance  as  a  function  of  the  concentration) 
is  then  determined  by  comparing  the  luminescence  intensity  of  the 


Investigated  solution  with  that  o'*  tne  .tandarc  one,  Differ*  • 
types  ol*  the  natural  bitumen  prcdu.*  a  radiance  of  a  differ  r  * 
spectral  composition,  consequently  one  should  prepare  several 
sets  of  the  standard  solutions  male  of  various  types  of  bitumen. 
This  method  turns  out  to  be  much  more  accurate  than  the  descr!;.* 
above  method  of  a  drop. 

The  Method  of  a  Capillary  pr*  rents  a  modification  of  a 
chromatographic  analysis .  A  rock  solution  should  be  poured  lnt> 
a  narrow  glass  or  into  a  test  tube,  and  one  end  of  a  atrip  of 
filter  paper  Immersed  into  it  for  duration  of  8-10  hours.  With¬ 
in  this  time,  capillary  infusions  will  appear  on  the  atrip  in 
form  of  separate  zones  which  will  produce  a  luminescence  when 
subjected  to  ultra-violet  rays,  by  comparing  the  spectral  compc 
sltlon,  intensity  and  width  of  each  of  the  luminescing  zones 
of  the  investigated  capillary  infusions  with  those  of  the  stan¬ 
dard  ones,  one  can  determin  the  qualitative  contents  of  the 
petroleum  oils  and  bitumens  in  the  sample.  If  a  more  detailed 
analysis  is  required,  the  above  procedures  should  be  performed 
In  several  solutions,  in  order  of  their  dissolving  capability 
(in  alcohol -benzene,  petroleum  ether,  caustic  potash  (2#),  and 
others ) . 

The  Method  of  Components  is  based  on  procedures  used  in 
both  the  method  of  the  standard  specimen  and  that  of  the  capil¬ 
lary,  except  applied  to  individual  components  of  petroleum  oils 
or  bitumens  (oils,  tars,  asphalt*)  which  should  be  extracted 
from  the  sample  by  way  of  its  successive  dissolving  in  various 
solvents  (for  example,  in  the  petroleum  ether  and  in  chloroform 
Then,  the  radiance  of  the  analyzed  sample  should  be  comnared  wi 
standards  l.e,  either  standard  solutions  or  standard  capillary 
infusions  prepared  for  each  component  to  be  Investigated,  separ 
ately. 

Special  Procedures  Used  for  a  Quantitative  Research  on 
Luminescence  of  Petroleum  6llc. 

^xoibing^the  riadiince  by  Waves  of  Different  Length. 

Both  the  petroleum  oils  and  the  bitumens  represent  a  multi 
component  mixture  of  various  luminescent  substances.  Therefore 
to  excite  their  radiance,  it  is  advisable  to  apply  individual 
spectral  lines  (for  example,  the  liner  of  a  mercury  spectrum) . 
When  the  wave-length  of  the  exciting  light  1 3  being  va**iM, 
luminescence  spectrum  of  the  petroleum  v, Ill  chcngo,  to-,  e- 
of  the  sample .  This  procedure  will  facl  ’  Itate  tie  d'*t*rr1r»  *  e  \ 
of  the  qualitative  and  the  quantitative  compos' tion  *f  the  pet¬ 
roleum  oil. 

Invest igating,  the  Spectra  at  ja  JLow JP^mpera tu  r 

Wherf“carryTng  ouT  an*“anaTyciF  of  petroleum  oils,  it  i3 
recommended  to  investigate  their  spectra  of  fluorescence  at  ;ov 
temperatures  when  the  wide,  washed-out  bands  appearing  at  a  re 
temperature  become  narrow  and  sharp.  Thus,  they  become  ^ari-r 
to  identify.  In  many  cases,  for  instance  in  the  kerosene  frict 


of  the  petroleum  oil,  the  luminescence  spectrum  Is  located 
tlie  near  ultra-violet  zone.  Investigation  of  the  lumlneo:.  :; 
ultra-violet  spectra  at  a  low  temperature  reveals  that  the 
radiance  ha3  been  excited  by  the  aromatic  compounds. 

Whe  dissolving  the  sample  In  normal  paraffins  (n -hexane) 
at  a  low  temperature.  Quite  often  the  spectrum  of  the  lumines¬ 
cence  becomes  ruled.  This  fact  permits  determining  the  3ubs‘..an- 
which  excites  the  petroleum  radiance.  This  was  the  way  In  v.n'-.-. 
one  had  detected  the  existence  of  aromatic  perylene  hydrocarbon.- 
In  the  oil-bearing  clays. 

Re s e a_r ch_on  the  Spectra.  of_Phosphorence .  At  the  tempera ’.u  - 
of  liquTd  notrogen,  dTfTerent  fractions”©!*1  wie  petroleum  devr 
not  Just  the  fluorescence  but  also  the  phosphorence.  Here,  in  :> 
B-process,  the  spectrum  of  radiance  dractically  differs  from  th* t 
of  the  fluorescence,  and  ^hls  feature  can  be  uaed  as  an  additional 
analytical  characteristic.  The  above  method  gives  good  results 
when  investigating  the' narrow,  aromatic  fractions  of  the  petrol- um 
oil. 

Investigating,  the.  Polarization  The  hungarlan  scientists 
have  worked  out  a  unique  method”"©?1  luminescence  analysis  of 
bitumens;  the  method  is  based  on  metering  the  polarization  of 
radiance  in  solutions  of  rock  specimens  collected  from  the 
surface  of  the  soil.  Theory  shows  that  the  degree  of  the 
radiance  polarization  drops  when  the  symmetry  of  molecules 
becomes  higher  (  see  #  110).  The  molecules  of  bitumen  formed 
by  organic  substances  in  the  surface  layers  of  the  soil,  and  the 
molecules  of  the  oil-bearing  bitumens  have  a  different  degree  or 
symmetry.  The  former  are  less  symmetrical  than  the  latter. 

Thus,  by  the  degree  of  polarization  of  the  sample  luminescence, 
one  can  evaluate  the  nature  of  bituman  contained  therein. 

#  113.  Luminescence  Analysis  of  Minerals  and  Ores. 

The  luminescence  methods  are  being  widely  used  in  geologlc.il 
prospecting,  in  the  mining  industry,  in  controlling  the  concentra¬ 
tion  products  of  ores  containing  minerals,  etc. 

Ores  and  minerals  are  non-organic  compounds,  and  the  proce¬ 
dures  described  in  #  111  can  be  applied  to  them.  On  the  other 
hand,  the  luminescence  analysis  of  these  very  important  substances 
has  a  number  of  specific  features.  Many  minerals  represent  cr; 
talophosphori  of  a  natural  origin,  whose  characteristics  of  lumine¬ 
scence  depends  on  the  upsetting  of  periodicity  of  their  cryotoi 
lattice.  These  disturbances  will  occur  when  activating  admixtures 
are  being  introduced  into  the  bade  substance  of  the  mineral  - 
ions  of  heavy  metals  (  rare-erth  elements,  Mn,  Cr,  Ag,  S,  +  , 

and  others).  Minerals  will  produce  a  radiance  when  cxcitt '  by 
ultra-violet  and  X-ray  radiation,  and  also  under  csthode  rays. 

The  moat  universal  of  them  is  the  cathode  excitation.  A  great 
majority  of  luminescent  minerals  can  be  excited  to  radiance  in 
this  way.  The  photo-excitation  is  less  often  applied;  the  X-rr ys 
aro  exciting  only  a  limited  number  of  minerals. 
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In  order  to  apply  the  lumlnescen :e  analysis  to  th^  n 
I  ;minescent  minerals,  the  latter's  grains  should  be  subject*  . 
t.  chemical  processing  after  which  their  surface  will  be  cov* 
by  a  film  with  its  characteristic  radiance.  For  Instance,  th*. 
ir/.neral  wolframite  (Fe,  Mn)  WO.,,  due  to  a  special  processing  1  • 
be  covered  by  a  film  of  Ca  WO^*  which  will  produce  an  intene'.v-  , 
blue  luminescence.  There  are  worked  methods  of  chemical  prec 
ing  for  grains  of  the  following  minerals:  Huebnerite  Mn  WO*., 

Beryl  AlgEe-a  [Si^Oi  e  ]  and  Pollucite  (Cs,  Na)[Al  n  HgO. 

To  detect  airrerent  metals  in  ores,  and  to  determine  t!vi’ 
quantitative  contents,  they,  too,  should  be  subjected  to  a  ci «.  n'- 
cal  processing  prior  to  the  analysis.  In  result  of  a  lum'nes 
reaction,  new  compounds  are  obtained  which  can  produce  a  charac¬ 
teristic  radiance;  by  measuring  the  latter’a  intensity,  one 
determine  the  contents  of  the  given  metal  in  the  sample.  Tht-r* 
methodo  have  been  worked  out  for  detection  of  such  metals  as: 

Li,  Sn,  Pb,  A1  and  Zr  in  various  minerals  and  ores. 

When  carrying  out  an  analysis  on  ores  and  minerals  contain¬ 
ing  uranium  and  rare-earth  elements,  one  can  use  the  techml quo.* 
described  In  #  111,  In  case  of  the  uranium,  usually  a  pearl 
analysis  should  be  performed,  in  case  of  rare  earth  elements 
one  should  apply  a  cathode  excitation. 

It  should  be  pointed  out  that  similar  minerals  mined  in 
different  fields,  quite  often  show  a  different  characteristic 
of  their  luminescence.  This  circumstance  is  due  to  their  rc*s na¬ 
tive  admixtures  which  can  be  different  In  different  formations. 
Some  of  the  ingredients  (Iona  of  Fe,  Cu,  Ni,  etc.)  are  strong 
extinquiaher8  of  the  mineral  luminescence.  These  admixtures  are 
called  "Poisons"  of  the  luminescence. 

A  qualitative  luminescence  analysis  is  being  utilized  when 
concentrating  the  ores  which  contain  some  minerals.  Particularly 
often  It  is  used  when  mining  for  the  soheelite  mineral  (CaWCK) 
which  can  produce  a  very  Intensive  blue  luminescence.  During 
the  concentrating  process,  a  sector  of  the  moving  conveyer  is 
being  illuminated  with  ultra-violet  rays,  and  the  lumps  which 
produce  radiance  are  being  taker,  aside. 

The  Roenugenoluminescence  is  applied  when  separating  dia¬ 
monds  from  rocks.  Both  the  color  and  the  intensity  of  the  >'■.?.  r 
luminescence  allow  a  sufficiently  accurate  separation  f  re¬ 
sample  components.  By  the  color  of  their  radiance,  tuc  dlamnr.v.r 
can  be  divided  into  three  groups:  one  with  a  tl.:e,  the-  se.  . 
with  a  green,  ar.u  a  third  with  a  yellow  luminescence.  Within 
each  group,  there  are  posilble  me:***  de  tailed  sub-gvourn  1 I  f  !’«*  r  I r.r, 
by  the  intensity  of  the  excited  radiance  from  one  another, 
the  more  complex  cases  the  results  of  the  luminescence  analysis 
uhould  be  compared  with  the  infra-red  absorption  spectra  of  t*w- 
d iamonds . 

To  control  the  products  of  ore  concentration,  they  are  apply¬ 
ing  both  the  aeml -quantitative  and  quantitative  methods  of  ‘t 
luminescence  analysis,  based  on  the  use  of  cathode  excitat:  : 

This  technique  givea  good  results  in  analysis  on:  scneeUt*  •' 

WO4);  wlllemite  (ZnpSltty);  zircon  (ZrSi04);  apodumene  (LiAl iS’.oCy, ] 
apatite  (Cs^q(F,  CL)2[P04)6),  and  other  minerals. 
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In  such  a  case,  standard  samples  should  be  prepared  v.:.'  . 

.••eDreaent  a  mixture  of  the  barren  roc*  from  the  field  In  qu».;- 
t!  on,  and  a  kno  n  amount  of  the  mineral  to  be  Investigated.  A 
collection  of  such  samples  Is  then  place  Into  a  ves  1  with 
.-•Mially  partitioned  sections.  The  Investigated  sample  Is  r< 

Into  the  center  section.  The  vessel  Is  then  placed  Into  a  :  it  ri¬ 
nse  cell,  and  the  radiance  of  all  samples  Is  excited  ’slmilt; 
ly.  By  comparing  the  luminescence  Intensity  of  all  star.  :ard 
samples  and  the  Investigated  one,  we  can  determine  the  cor.:-  '..'  .  - 
tlon  of  the  Investigated  material  In  the  sample.  Accuracy 
:r;ch  an  analysis  does  not  exceed  +  5$. 

Qutle  often,  a  qualitative  luminescence  analysis  of  or*" 
and  products  of  concentration  consists  of  exciting  the  radlcnc- 
of  contained  therein  minerals,  and  of  8  statistical  counting  of 
their  grains.  Such  a  count  gives  a  percentage  of  the  miners. 

In  the  Investigated  sample.  The  analysis  process  itself  can  c*- 
divided  into  three  stages:  preparing  the  sample  for  analysis:; 
preparing  the  compounds  for  analysis;  counting  the  lumlnenc I nr; 
grains  of  the  minerals. 

Preparing  the. sample  for  analysis  consists  of  preparing 
the  batches  consisting  of  grains  of  a  similar  size.  For  thin 
purpose,  the  Investigated  sample  should  be  ground  and  spread 
In  a  thin,  several  millimeter  high  layer.  The  layer  la  then 
divided  into  equal  squares.  A  certain  equal  portion  of  tne 
substance  should  be  then  taken  off  each  square  mixed  together , 
and  tne  final  batche  prepared.  When  working  with  non-lumln*  scr  r. 
minerals,  the  grain  should  be  chemically  processed  so  that  n 
luminescent  film  will  form  on  their 'surface. 

The  second  stage  consists  of  preparing  the  compounds  fur- 
analysis.  For  this  purpose,  a  square  of  certain  size  shoul  i  b? 
cut  out  from  a  graph  paper,  and  pasted  on  a  slide.  On  Its 
other  aide,  the  glass  shall  be  covered  with  a  thin  layer  of 
glycerine,  and  then  pressed  against  the  smoothed  surface  of  the 
investigated  sample.  In  reslut,  a  mono-layer  will  form  on  thf 
glass,  consisting  of  grains  of  the  Investigated  sample;  here, 
the  grains  will  stick  only  within  the  pasted  square. 

The  analysis  will  be  finished  with  counting  the  grains 
of  the  investigated  mineral.  For  this  purpose,  the  thus  nrejMO'; 
compound  is  placed  into  a  cathode  cell  where  the  radiance  •.*:  the 
radiance  of  the  luminescent  components  of  the  sample  wil  >  r. 
excited.  A  Binocular  shall  be  placed  above  the  cell  wlnc  r.-. , 
the  number  of  the  luminescing  grains  can  be  then  easily  count*  d, 
and  the  percentage  of  the  mineral  determined. 

As  to  its  accuracy,  the  luminescence  analysis  of  mineral r 
equals  the  chemical  analysis.  However,  it  is  much  more  simple, 
takes  considerably  leaa  time,  and  thus  gets  the  preference. 

One  should  point  out  that  the  minerals,  same  as  the  crystaic 
phosphori,  are  producing  a  characteristic,  protracted  after-r.v.l- 
ance  which  fades  away  by  a  hyperbolic  law  (18.7).  The  faulng- 
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away  process,  defined  by  the  magnl* of  the  'onctent  "  ", 

v*?ry  characteristic  for  a  mineral.  ?nus,  we  can  us*-'  ir  ■ 
analyaia  not  Just  their  spectral  composition  and  th*  '.umln* 
Intensity  of  the  uinerals>  but  alao  the  its  process  of  facing 
away. 
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CHAPTER  21 


The  loalnos cca ce  Analysis  of  Detection 


114,  Detection  of  the  Igrljdblt  tedlanco 

A  npirtt*  section  of  the  lualnescence  analysis  presents  tbs  detection 
of  sad  tbs  research  00  rsdistioos  inviaible  to  tbs  huasn  sys  -  tbs  iafre- 
red,  tbs  ultra-violst  sad  tbs  X-ray,  sad  also  those  forasd  during  tbs  radio- 
act  Its  dlsiatsgrstloa  sad  aaelssr  rssctloas, 

• 

Dstoctioa  of  tbs  lafra-rad  rays.  As  wo  know,  s  protracted  radiance 
of  tbs  crystalophocphori  is  saoooistsd  with  a  tbsraal  libsratioa  of  tbs  ex¬ 
cited  elsetroas  froa  tbs  localisation  levels.  Tbs  lllmiaetioe  of  tbs  ax¬ 
el  tsd  crystalophocphnrl  by  lafra-rad  rays  will,  also,  liberate  the  electrons 
froa  tbs  levels  of  looallsatloa  aad  speed  ap  their  fading,  TWo  alteraatlvec 
are  possible  bore.  Za  the  first  case,  the  liberated  electrsas  perfora  easna- 
tlnf  traaoltloaa  whleb  load  to  aa  exploaloa  of  luaiasseenee,  la  the  second 
alternative,  the  electrsas  re  tarn  to  their  aoa-oxeltsd  state  with  no  sauna  - 
tloa,  aake  the  lsalnoscsace  to  fadet  the  latter  pbsaoasaoa  consists  la  dark- 
enlaf  of  those  spots  of  the  cryatalopbospborl  serf  ace  dare  the  radiation 
has  boos  directed.  Bath  of  tbs  above  pbeaeans  oaa  bo  still  sod  far  re- 
cordiag  the  lafra-rad  rays. 

Tbs  optical  explosion  cm  be  observed  parti calarly  clearly  la  erystalo- 
pbospborl  with  deep  levels  of  localisation  froa  which,  at  a  rooa  teaperature, 
the  elec  teas  cannot  liberate  tbsaselveo  vltboat  any  oatslde  help.  These 
excited,  bat  not  leal spacing  in  the  noraal  ceadltoas,  pbospberl  when  sub¬ 
jected  to  Infra-red  rays,  will  produce  a  bright  explosion.  They  are  ealled 
the  explosive  pbSSpborl,  The  explosive  characteristics  are  proper  to  the 
alkali -earth  cryatalopbospborl  (Cad,  SrS,  etc.)  with  two  or  aore  of  the  rare 
earth  activators,  for  instance  with  Ce  aad  Sa  (green  radiance)  or  with  Su 
and  ta  (orange -colored  radiance),  lbe  explosive  pbospberl  porait  detecting 
an  infra-red  radiation  up  to  X»  1 .?/».  Cryatalopbospborl  Is  which  the  Infra 
red  rays  weald  extinguish  their  lunlaescenee,  are  oalled  the  falag  away 
pbospberl.  These  properties  are  characteristic  to,  for  sasaplo,  the  slac- 
sulfide  cryatalopbospborl  activated  by  copper  aad  cobalt  (lad  •  Ce  •  Co). 

The  detection  of  the  Infra-red  rays  is  often  performed  by  naans  of  the, 
so  ealled,  "electronic -optical  converters.  In  this  ease,  oae  should  need 
a  luminescent  screen  sensitive  to  infra -red  rays.  However,  with  this  method 
of  investigation  used,  the  screen's  radiance  will  be  excited  not  la  result 
of  a  direct  actloa  of  the  Investigated  Infra-red  radiation,  but  due  to 
elec  teas  forced  oat  of  the  apparatus  photocathede  by  tbs  Infra-red  imya. 

The  asst  simple  elsetrealc-optleal  convertor  nea cists  of  a  vmsuua  dis¬ 
charge  tube  with  a  phot son thods  inside.  Tbs  investigated  flux  of  infra¬ 
red  rape  shall  be  projected  on  tbs  photsocthsds  from  whose  serf  see  it  will 
force  sat  else  tress.  Tbs  latter  are  then  aped  g  by  assan  a f  electric  field, 
aad  dime  ted  eats  a  lmdaesecat  sereea  which  will  start  pmdaolag  a  visible 


**  diffore®!  «kjNt«  la  tk«  iifri*rtl  raji  eaa  be  alao  pro- 

««to  tk  pkotoMtkli  of  an  eleotoale-optloal  ooavertor.  Older  the 
infra-red  radiation,  a  visible  Inage  of  the  investigated  object  will  ineir 
®*>  the  lralncsocat  ^rew. 


of  the  nltra-Ti>let  aw.  Ik  iltn-rlelet  cam  excite  aoct 
or  the  lnalaeaecst  cektUMi.  Vhes  perforniag  e  fwslitstlv*  observe  t<©n 
of  the  sltm-vlolet  redie tiee,  they  eee  eoetly  the  nranyl  glass  in  which  it 
will  cults  as  intensive,  frees  loslsescenec.  Severer,  when  transferring 
“*•  ^  *tth  %  <  300  mu  ,  the  radiance  intensity  of  thie  type  of 
floao  will  drop  markedly  dot  to  ex  eente  absorption  of  ahort-wave  portion 
of  the  altra-vlelet  epectrwn  by  the  gleee  itself.  For  quantitative  neter- 
iag,  the  wMayl  glees  is  set  fit  enough  es  their  absorption  la  the  ultra- 
aiolet  port  of  the  epee  tree  is  irregwlar.  It  is  such  acre  convenient  to  use 
***^  fnsrta  glees  which  costal  ns  Ce.  A  oer.ni  quarts  prodneee  aa  tn- 
tensiwe,  bine  mdleaoe  forned  when  excited  by  light  with  \  free  )8o  down  to 
«50  ,  and  has  a  caff  latently  laiforn  absorption  onpnbility  srer  the 

entire  spectral  range  iadioated  above. 


*#r  ;f”«^rdiag  the  cessation  located  la  the  raewae  ultra-violet  portion 
of  the  spectrae  (with  X  4  IdO  a  p.  ),  the  ordinary  photographic  natoriale 
are  not  oni table  duo  to  a  high  absorption  of  the  radiation  by  tho  gelatine 
layer,  the  above  difficulty  eaa  b#  overooao  by  covering  the  vheto-eealsioa 
by  a  tlda  Uynr  of  industrial  oilj  the  latter's  lertneeecooe  excited  bv  tho 
ahort-rave,  ultra-violet  cassation  will  blacken  tho  photographic  file. 


m  of  1-rara, 
italnpBiinepeoi 


**^*BC#  !•  heiag  excited  by  fact  electrons  ton 
off  the  electronic  nheU  of  the  stow  or  noleculua  by  the  X-rayn.  The  X-ray 

*!*  *  ***•'•**  •***»• r  viaanlly  (the  Boeatgenoooopy)  or  on  a 
photo  fils  (tho  aecatgeoography).  For  tbe  use  In  Boentgenosoopy,  they  anau- 
tUr?  *®*ntd*a  acreene  conaiatiag  of  a  thin  layer  ( 0.2  - 

?•*  "!i0f  pOW*#r*4  cry«Ulophoephori  applied  to  either  a  cardboard  or  plaet- 
c  paddlag  by  scan a  of  a  transparent  glue..  Badlaace  of  such  aoreaaa  should 
be  inertia-free  no  that  one  could  clearly  eee  the  outline*  of  a  serin*  ob¬ 
ject,  for  instance,  those  of  e  pulsating  heart,  lb  obtain  a  clear  inane  of 

th#  ***  •cr##n  •hoyld  be  highly  die«ri*ri  sating, 

a  feature  which  can  be  atUiaed  by  using  n  finely  .ground  powder. 


.  w  It*t*  *cr*'*a*  a**d  1°  th*  Boentgenoacopy  are  and#  of  errste^  - 

*******  either  yellow-green  or  green  rudit tc  both  of 

■^t  r**UlT*-  they  are  nede  of  either 

nine  Mlfldee  (Ini)  or  phoophori  nixed  with  bane  -  CJS.  they  use  km 

an  an  activator.  • 


t*  Been tgeoography  for  anpllfioatien  of  the 

_  -  -  being  node  of  CaWO.  ,  *gWOk  or  ZaJ-A*. 

"2  I.i?  W  a  Wss-violet  radiance. Vh«  eujeri^si*  on  a  phots- 

•Cr’T“  ■k"a4  "*  “'«•*  »?  th.lr  n4lJ» 

tli*  **T,r*1  ***“  •*•-•*•»  t*“  »  UlslM- 

UM.  Tta.,  U.  hnUa  .f  tk.  n|mn  c.  k.  ntarf. 


Detection  of  element ary  particles  tad  V  -m,  -.  By  way  of  luminescence, 
one  can  register  the  flows  of  protons,  deutroas,  elec tone,  neutrons,  positrons, 
wtsons,  a  -particles  and  y -rays.  When  any  of  the  above  particles  is  pass¬ 
ive  through  a  luminescent  organic  or  non -organic  substance.  It  will  excite 
a  great  number  of  their  radiance  centers  whose  emanation  will  produce  a  flash 
of  luminescence  called  the  "scintillation. M  for  example,  a  single  «  -particle 
can  excite  — - 10°  centers  of  radiance.  The  luminescent  substances  with  the 
Above  characteristics,  are  called  the  "scintillators."  The  scintillation 
can  be  detected  and  measured  by  using  e  scintillation  counter  which  eons'. eta 
of  a  scintillator  and  a  photo-amplifier  recording  the  individual  light  la- 
pulses. 

Similarly  to  the  Been tgeno luminescence,  e  radio luminescence  is  being 
excited  *y  secondary  electrons  which  formed  dw-  to  particles  hitting  a 
scintillator. 

The  scintilla to re  can  consist  of  some  crystalophoephorl ,  organic  mono- 
crystals,  solutions  of  organic  substances,  or  of  special  types  of  plastic. 

The  most  widespread  noo -organic  scintillators  are  the  xlne-salflde 
cryrtalophosphorl  activated  by  either  copper  (ZnS'Cu.X^^  ■  520  apt )  or 

silver  (Zn3*Ag,  X  •  *»50  ape),  When  the  excitation  la  by  • -rnym  or 

other  highly  Ionising  particles,  the  energy  output  of  their  rmdimace  can  go 
up  to  2J%.  Sowever,  due  to  their  high  dissipation,  such  pulverised  scintil¬ 
lators  are  mot  too  effoctlvo  for  registration  of  Y  -rays.  Moreover,  they 
produce  e  considerable  after-radiance  (T  ^  10"*  sec.),  end  thms  hampers  the 
measuring  of  the  individual  meinti nations. 

For  detootioa  of  slow  neutrons,  they  are  using  e  mixture  of  Za3*Ag  with 
B^O^,  where  the  neutrons  are  being  trapped  by  the  boron,  and  a  -particles 

ere  being  separated  which  will  excite  the  radiance  of  ZaS*Ag.  When  meter¬ 
ing  the  flow  of  fast  neutron*,  good  results  ere  being  obtained  by  using  . 
mixture  of  ZaS  and  polystyrene.  For  registering  the  y  -rays,  one  can  use 
the  transparent  alkali-haloid  mono-crystals  (Mai,  KI,  Lil,  Cel)  activated 
by  Tl.  Moat  of  these  crystals  are  hygroscopic j  to  protect  them  from  moisture 
they  should  be  covered  with  e  film  of  light  oil.  ?be  y  -scintillators  can 
also  consist  of  KI*T1  powder  mixed  with  *  -bromonaphthelene,  or  crystals 
of  cslclua  tungstate  (CaWO^)  and  cadmlus  tungstate  (CdVO^).  Monocrystals 

MaI*Tl  are  being  used  for  registration  of  protons  and  deutroas.  Table  5° 
shows  the  characteristics  of  some  son-organic  scintillators. 

Deal ae trie  metering  of  Y  -emission  can  be  carried  out  also  by  observing 
the  thermolumloeecence  brightness  (  96)  of  some  of  the  crystals  (for  ovasple, 
Llfy{  in  identical  condl lions  of  experimenting,  the  thermo luminescence  ie 
proportional  to  the  ataber  of  Y  -rays  absorbed.  The  above  method  is  being 
seed  for  nodical  purposes ,  in  determining  the  intensity  of  the  internal 
emanation  la  caacer-eick  poople  treated  with  radioactive  iaotopoe.  Small, 
water-iamolable  crystals  of  L1F  were  swallowed  by  the  patient,  and  then  re¬ 
trieved  after  two  days.  The  intensity  of  their  theneoluadneocooce  was  l»'.ng 


coape red  with  that  of  the  crystal  which  has  been  previously  exposed  to  a 
predetermined  doaa  of  X-rays;  by  comparison,  ona  ca;_  determine  tha  doae, 
In  Roentgens,  to  which  tha  patient  ha a  been  exposed. 

Table  39 
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1-  Basic  characteristics  of  some  non -organic  scintillator* 
<2-  fltoaphorua 

3  Average  wave-length  of  tha  eaisslon  spec true,  In  ■>* 

V-  Output  of  * JLjrgy,  la  £ 

3-  Tic*  of  fading  oat,  In  eac. 

6-  Blue-green 

7-  Whit a 

3-  Blue,  ultra-viola t 


Aalo,  known  is  tha  Method  of  doalaeterlng  tha  y  -emanation,  bused  on 
tha  utill  astir:  of  exploding  phoaphori  SrS*Eu«3w  which,  whan  subjected  to 
tha  lnfra-rad  radio  i,  will  produce  a  bright  flash  of  ’-adiance.  In  thia 
caaa,  tha  phosphorus  anould  be  preliminarily  excited  by  tha  investigated 
flux  of  V-raya,  and  than  expos*!  to  infra-red  rays.  The  brightness  of 
tha  thus  created  flaah  will  permit  evaluating  the  doae  of  the  y  -radiation. 

The  above  Method  allows  Measuring  she  intensity  of  the  y  -radiation 
In  a  vary  wide  range.  From  0,003  up  to  1,000  roentgens.  A  similar  tech¬ 
nique  can  be  applied  to  Metering  tha  intensity  of  tha  ^-radiation,  as  well 
as  ths  flow  of  tha  elow  neutrons. 

Whan  registering  the  elementary  pei-tic*  and  Y  -rays,  one  can  use 
the  monocrystals  of  anthracene,  stilbene,  terphenyl,  tolane,  naphthalene 
and  soma  other  organic  substances.  The  above  crystals  provide  a  wide  re¬ 
solving  capability  in  time,  as  the  duration  of  their  sci-tillation  is 
—  10~<5  sac.  their  shortcoming  consists  of  a  lack  of  proportion  between  the 
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radiance  intensity  and  tha  energy  of  hitting  partielee.  Table  *»C  ehowe  the 
characterietice  of  sone  of  the  organic  aclntillatore. 

Table  40 


fTY  OcaouMi  *tpe*f#petT««e  Mioropwx  oprtmi'iecMi  «m«mue*Top<>» 


BtuacCTu* 

0 

( 

Crpyurfpmm  +o vmym 

»«u  yi«i  1. 
imim  erKrrp*  '■ 
iMywu,  1 

0  i 

1 

Jneprrm  «tcssl‘ 
•uxoa>  •/'.  1 

®  1 

Eprw«  trry- 

util,  w 

AxipaueH 

COO  ^ 

« 

4 

e 

~3- 10-* 

(a>  CmtkOeN 

0<CH^O 

410 

-2 

-710-* 

(^Ttp4*ww« 

0-0<D 

415 

>2 

1 

|  — 10“* 

Tom* 

0-^0 

390 

>2 

-710-* 

§)■  Hi^iuih 

A/S 

UJ 

345 

1 

—  7  - 10 — • 

1-  Main  characteristics  of  none  of  the  organic  ecintl 11a torn 

2-  Rase  of  eubatance 

3-  Structural  fornula  • 

4-  4..erage  ear- -length  of  the  eaission  sped  run,  a» 

5-  Output  of  energy,  in  £ 

6-  Tine  of  fading  out,  in  sec. 

7-  Anthracene 

8-  Stllbene 

9-  Terphenyl 

10-  To Lane 

11-  Naphthalene 


The  part  of  aclntillatore  can  be  played  aleo  by  the  solution#  of  aoae 
organic  substance#  (paraterphenyl,  2.3  -  diphenyloxaaole,  phenyl  -a-  napthy- 
laaine,  etc.)  with  a  concentration  of  —5  graa/llter.  Xylene,  phenycyclo- 
hexane,  toluene,  beaaene  and  aoae  other  organic  substances  can  serve  h.z 
solvents,  done  tines,  into  such  a  solution  they  are  adding  a  snail  anoint 
of  a  second  organic  substance  whose  spec true  of  luainescence  is  shifted 
toward  the  long  saves,  as  spinet  the  spectrua  of  the  aaln  eubatance.  These 


adaixtures  are  called  the  "spectrum  displacers."  In  the  above  system,  a 
re.ionauce  transfer  of  the  excitation  energy  proceeds  from  the  solvent, 
through  the  dissolved  substance,  to  the  adsixture  whose  radiance  will  be 
registered.  In  this  •vay,  one  can  shift  the  spectrua  of  scintillation  into 
the  sone  of  a  aaxiaus  sensitivity  of  the  photo-amplifier  used  for  the  regis¬ 
tration. 

For  registration  of  nucleai  radiations,  they  use  also  plastic  scintilla 
tors  into  which  they  have  introduced  aoete  luminescent  organic  substance 
(paraterphenyl,  2.5  -  diphenyloxasole,  and  sany  others).  In  the  plastic 
scintillators,  the  part  of  spectrua  displacers  is  being  played  usually  by 
ths  quaterphenyl,  tetraphenybutadlens,  and  othsr  substances.  In  their 
characteristics,  ths  plastic  scintillators  rsssable  other  organic  scintilla¬ 
tors. 

115.  The  Luaineecer ^e  Analysis  of  Dstection  as  Applied  in  Biology  and 
_  Medicine 


As  nentioned  above,  ths  chemical  analysis  of  luminescence  is  being 
widely  used  for  determination  of  rltaalns,  hormones,  pigments  and  other  im¬ 
portant  biological  substances.  Squally  widespread  in  both  biology  and  medi¬ 
cine,  are  the  methods  of  the  luminescence  analysis  of  detection. 

Luminescent  Microscopy.  At  present,  of  particular  importance  are 
the  luminescent-microscopic  investigations  concerning  either  the  natural 
radiance  of  analysed  object  or  the  radiance  of  a  sample  which  ham  been  pre¬ 
liminarily  colored  with  dyes  called  the  "fluorochromee."  The  latter  can  be: 
the  xanthene,  thlazlne,  quinoline  and  acridine  dyestuffs,  some  luminescent 
pigments  (chlorophyll,  porphyrin),  and  a  number  of  organic  compounds. 

The  natural  radiance  Is  being  utilised  for  the  luminescent-microscopic 
research  on  vitamins  A,  Bg,  acse  derivatives  of  vitamin  B^,  nicotine 

acid  and  a  number  of  other  cospounds.  Here,  one  can  follow  the  precipita¬ 
tion  cf  these  substances  in  various  organs  or  in  individual  cells,  and  also 
one  can  observe  their  transformations  during  the  active  life  of  the  organism 

The  use  )f  the  fluorochroaing  method  considerably  widened  the  possi¬ 
bilities  of  the  luminescent  microscopy.  Now,  concrete  images  can  be  ob¬ 
tained,  and  even  the  amalleat  details  of  the  investigated  object  can  be 
investigated  regardless  of  its  natural  luminescent  properties.  Of  particu¬ 
lar  importance  is  the  circumstance  that  some  dyes,  while  being  adeorb^d  by 
tissues,  cells  and  thei~  various  parts  in  a  different  manner,  when  subjected 
to  exciting  beams,  will  produce  a  very  contrasting,  multi-colored  picture. 

For  instance,  after  a  cell  has  been  colored  with  aurophosphine ,  the 
protoplasm  will  produce  a  dark-green  rsdiance,  the  nuclei-light  green,  the 
chondriosomea  -  orange,  and  the  fatty  matter  -  blue. 

(k  the  other  band,  after  having  been  fluoro chromed  with  acridine, 
orange  dye,  the  dead  cells  will  produce  a  bright-red  lu*lneucence,  the  live 
ones  -  a  bright  green.  Thus,  they  can  be  easily  discerned  fros  each  other. 
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A  slailar  aethod  la  being  used  In  diagnostics  on  cancer.  In  thla  case,  the 
radiance  of  fluorochroae  allova  a  faultless  dlatlngulahlng  of  the  healthy 
cello  fro*  thoee  affected  by  cancer. 

the  Method  of  Fluorochroalnx  the  Live  Organisms.  Conaiderlng  the 
extrsmsiy  high  sensitivity  of  the  luminescent  asthod  for  the  purpoae  of 
colorlnc  they  are  using  highly  diluted  solution*  of  the  fluorochromea 
(C  '"■'10“*  -  5*10“®  aolea/llter)  which  can  only  slightly  affect  chemically 
the  investigated  object  notably  the  organiaa  cells.  Thus,  by  either  the 
intravenous  or  subcutaneous  injection  one  can  fluorochroae  the  individual 
organs  of  huaan  beings  and  adn inala  while  they  are  alive,  an  achievement 
which  is  extremely  important  for  the  biological  research.  By  using  the 
above  aethod,  one  can  study  the  structure  of  ceils,  and  follow  their  changes 
during  various  functional  conditions  of  the  organism.  For  instance,  by 
fluorochroming  the  live  cells  with  the  acridine  orange  dye  (C—'lil-lO^)  one 
can  observe  the  conditions  of  cells  of  the  brain  cortex  of  various  creatures, 
thus  detecting  the  finest  structural  elements  of  the  brain  tissue. 

A  technique  has  been  worked  out  for  making  micro-motion  pictures  of 
the  fluorochromed,  simplest  living  organisms.  These  pictures  turn  out  to 
be  essential  when  studying  the  biological  influence  on  organisms  of  the 
ionising  emanation. 

By  means  of  the  fluorochroming  one  can  follow  the  relocation  and 
transformation  of  various  substances  in  members,  tissues  and  colls  of  a 
living  organism,  tfhsa  carrying  out  a  research  on  a  living  body  of  animals, 
ths  fluorochroae  is  either  applied  to  the  bare  surface  of  the  member,  or  in* 
jected.  The  blood  stream  carries  the  fluorochroae  over  the  entire  body, 
and  when  illuminated  with  ultra-violet  rays,  the  substance  will  luminesce 
brightly  coloring  spots  of  the  akin  and  aucuous  membrane.  The  fluoro- 
chrsaiag  method  is  also  being  used  in  the  research  on  circulation  of  blood 
and  other  liquid*  in  the  body. 

The  Luminescence  Method  of  Dirgnoalna  Various  Disease*.  For  the 
purpose  of  diagnostics,  one  cm,  by  using  the  fluorochroalng,  detect  various 
bacteria,  for  instance,  by  using  the  suramin*  dyes  or  the  acridine  yellow, 
on*  can  detect  the  bacillus  of  tuberculosis ;  ths  ooryphosphln*  permits 
watching  ths  bacillus  of  diphtheria;  berberins  sulfate-  the  bacteria  of  lep¬ 
rosy;  rlvanol  successfully  reveals  ths  plssmodis  of  malaria  and  some  splro- 
caaeta.  Minute  numbers  of  bacteria  can  be  detected  by  aeans  of  the  pseu- 
doioocyaninchlorlde  which,  though  not  producing  *  natural  luminescence  when 
in  solutions,  becomes  adsorbed  on  the  bacteria  surface.  After  having  been 
treated  with  fluorochroaea,  the  luninescenee  of  related  bacteria  may  turn 
out  to  be  similar.  In  order  to  distinguish  ons  from  another,  they  us*  the 
extinguishers  of  luminescence;  in  this  way,  on*  can  either  weaken  or  fully 
extinguish  ths  radiance  of  one  type  of  bacteria,  while  ths  other  goes  on 
producing  an  unchanged  luminescence. 

The  luminescence  analysis  osn  b*  used  for  determination  of  existence 
of  the  eaaoerogemous  substance*,  and  thus  to  take  ths  suitable  steps  in 
order  to  protect  the  human  life.  For  the  purpose  of  dia^Bcetles,  the 
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patients  receive  Intravenously  the  fluorescein.  In  •  healthy  van,  tho 
latter  starts  separating  in  50  -  70  hours.  When  a  Malignant  swelling  is 
existing,  this  tiae  will  increase  to  2,000  hours.  There  are  also  known 
Methods  which  allow  to  diagnose  the  cancerous  swellings  directly  on  the 
operation  table.  Here,  they  either  watch  the  natural  lualnescence  of  the 
affected  orgus,  or  fluorochroae  then  with  a  fluoroscein  dye.  By  their 
specific  radiance,  one  can  establish  the  outlines  of  swelling  spread  and 
thus  deteralne  the  location  of  the  Metastasis.  This  Method  requires  a  highly 
intensive  ultra-violet  light  for  the  excitation  purpose;  it  can  be  obtained 
fr os  a  special  floodlight  equipped  with  lawp,  type  SVDSh-250,  and  screened 
with  the  OFS-4  filter.  By  this  Method  one  can  deteraine  a  hard- to-be-de¬ 
tected  cancer  of  pleura,  sad  also  distinguish  various  types  of  skin  cancer. 

The  lusiasscence  Methods  represent  a  great  aid  to  the  surgeon  also  In 
other  types  of  operation,  for  exaaple,  when  operating  on  the  brain  tuaor, 
by  using  the  fluorescein  one  can  distinguish  the  normal  tissues  froa  those 
tuaorous,  sad  also  establish  if  they  are  aalipiant  or  benign.  During  trans¬ 
plantation  of  akin,  a  fluorescein  solution  should  be  introduced  Into  the 
patient's  blood;  in  this  way,  one  can  deteraine  the  extent  to  which  the 
transplanted  tissue  has  taken  root,  and  if  a  noraal  blood  circulation  la 
being  Maintained  therein. 

The  luminescent  analysis  of  detection  is  widely  used  for  controlling 
the  quality  of  various  drugs,  and  for  research  on  their  usefulness.  It  is 
also  used  in  dernatology.  When  subjecting  the  affected  skin  areas  to  ultra¬ 
violet  raja,  oae  can  iaMedlately  establish  the  type  of  disease  and  the  out¬ 
lines  of  its  spread,  for  instance,  by  fluorochrooing  with  an  acridine  orange 
dye,  oae  can  reliably  distinguish  different  types  of  the  skin  cancer  and 
sarcs— «,  Equally  important  are  the  lualnescence  Methods  for  the  pathological 
aaatoay  aad  in  the  criminology. 

116.  The  T— lnescence  Analysis  of  Detection  as  Applied  in  Industry 
Detection  of  Defects  by  Lualnescence 

In  various  branches  of  industry,  the  Methods  of  the  defect  detection 
by  luaineocence  beoeae  widespread;  they  permit  detecting  the  Minutest 
cracks  and  defects  on  the  surface  of  industrial  products.  The  superiority 
of  the  lualnescence  aethed  over  the  others  consists  of  its  versatility; 
the  lualnescence  Methods  can  be  applied  to  parts  — de  of  any  — terlal,  or 
of  any  shape  and  alee,  regardless  of  the  type  and  quality  of  the  surface 
—chining. 

There  exist  several  Methods  of  defect  detection  by  lualnescence.  The 
nost  widespread  of  then  consists  of  the  following  procedures.  The  part  to 
be  investigated  should  be  first  washed  in  benzine  in  order  to  remove  any 
grease  fron  its  surface.  Any  slag  should  be  reeoved  by  sanding.  After 
the  part  has  been  dried,  its  surface  should  be  covered  by  a  luainescent 
Mixture  (for  exaaple ,  a  solution  consisting  of  kerosene,  benslne,  t  jxs- 
foraer  oil  sad  s  dye  of  gree-golden  defectole)  which  within  s  short  time 
("10-15  Min.)  will  penetrste  into  sll  pores  and  defects  of  the  surface. 
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Next,  the  mixture  should  be  washed  sway  by  a  ^ater  stress  for  5-10  sec¬ 
onds.  The  part  dried  out  by  a  *+reaa  of  hot  sir,  its  surface  sprinkled  vi th 
a  defalcated,  thoroughly  ground  silica  gel  (SlO^)  which  will  absorb  the 

solution  which  got  into  the  creeks,  and  bind  with  the  surface  tightly,  Then 
the  silica  gel  should  be  resoTed  by  shaking  the  part,  and  bloving;  it  will 
stay  only  inside  the  crocks  where  it  resains  aoist.  When  the  object  is 
then  Illuminated  with  ultra-violet  rays,  the  luainescing  tones  around  the 
cracks  will  be  distinctly  visible  on  the  dark  background. 

The  above  technique  allows  detecting  creeks  up  to  lyt .  deep.  The  ob¬ 
servation  is  quite  easy  as  the  luainescing  strip  is  usually  about  10  tiaes 
wider  than  the  crack  itself.  It  has  been  ascertained  by  Karyakin,  that  the 
silioa  gel  will  not  start  radiating  inssdiately  but  af  ter  a  certain  delay 
called  the  "detection  period."  The  detection  period  depends  on  the  depth 
"h"  of  the  crack,  and  variae  froa  30  aeoonds  (deep  cracks)  up  to  30  minutes 
(sasll  cracks,  1  p  deep).  By  aeasurlng  the  tine  "t"  until  the  lnwlnescent 
strip  will  becose  visible,  and  the  strip  width  1,  froa  the  curves  (figure 
212,  s  sad  b)  oas  can  quits  accurately  determine  the  depth  h  and  the  nature 
of  the  crack  on  the  surface  of  the  investigated  part. 


crack  depth  h; 

b-  Detection  period  t  as  a  function  of  the  crack  depth  h. 


Figure  213. 


Pic tare  of  detail  with  cracks  invisible 
by  luaiaeeeeaee. 


to  huaaa 


aye  detected 
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Figure  213  show*  a  part  on  whose  surface,  ly  roans  of  luminescence,  were  de¬ 
lected  cracks  invisible  to  a  human  eye. 

In  a  amiliai  way,  one  can  detect  through  cracks  in  pipes  and  other 
tubular  surfaces.  For  this  purpose,  their  inner  surface  should  be  covered 
with  a  luminescent  composition.  After  having  subjected  their  outer  sur- 
face  to  ultra-violet  rays,  on  the  dark  background  of  the  detail,  all  the 
through  cracks  sad  defects  will  be  distinctly  visibile. 

Another  aethod  of  detection  is  applicable  cnly  to  products  made  of 
material  with  magnetic  properties  (steel,  cast  iron).  This  aethod  is 
modification  of  that, of  the  defect  detection  where  pulverized  aagnet  is 
being  used.  Hie  part  to  be  investigated  should  be  covered  with  s  magnetic 
suspension  consisting  of  crocus  end  a  luminescent  mineral  oil.  A  magnetic 
field  should  be  Induced  in  the  part.  After  the  electric  current  has  been 
cut,  the  most  intensive  residual  magnetic  fields  will  form  on  the  surface 
defects.  As  s  result ,  the  luminescent  magnetic  suspension  will  settle 
along  the  crack  edges,  and  will  become  visible  when  Illuminated  with  ultra¬ 
violet  rays. 

Detection  of  defects  by  luminescence  plays  an  important  role  in  the 
radio-manufacturing  Industry  when  mass  controlling  the  vacuum  devices  for 
leakage.  For  this  purpose,  they  are  using  substances  (for  example,  lumogen 
orange-red  II  In  trichloroethylene)  with  an  Intensive  red  or  orange-red 
luminescence  whose  color  will  exclude  the  chance  of  false  slain  considering 
that  the  glass  Itself,  or  its  chance  ingredients,  produce  a  more  short-wave 
radiance.  A  degreased  and  cleansed  specimen  should  be  immersed  into  a  lumi¬ 
nescent  solution  which  due  to  capillary  forces  will,  through  the  leaks, 
penetrate  into  the  device.  Next,  the  solution  should  be  washed  away  from 
the  device  surface  with  pure  trichloroethylene,  and  the  device  illuminated 
with  ultra-violet  rays.  The  radiance  of  the  luainofore  which  remained  on 
the  inner  surface  of  the  device  will  indicate  the  leaking  place.  By  hold¬ 
ing  the  speclaen  in  the  solution  for  longer  time,  we  can  detect  also  the 
smaller  leaks  (Table  4l). 

Table  4i 


Magnitude  of  the  detected  leak  as  a  function  of  the  holding  tine  of 


specimen  in  solution 


Holding  time 

Minimum  size  of  the  dotec 
mercury  column,  cm- 

:ted  leakage  (in  mm.  of 

78*C .  ) 

Minutes 

K\ 

1 

0 

H 

Hours 

~icf4  -  10'5 

Several  days 

— 10“6  -  10'? 
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When  investigating  the  products  made  c‘  ;lav,  ceroiric.;,  --.'no:  o , 

•»tc.,  they  are  making  use  of  the  difference  <*f  liquid  adrorptio*!  >•  vc:,*.. 

porous  surface  and  that  with  cracks.  The  particles  suspended  in  tn*  ‘■elu¬ 
tion,  into  which  the  product  is  being  immers.-d,  are  usually  nuch  bi<rr*er  than 
the  material's  pores.  When  the  material  absorbs  the  liquid,  the  lininescent 
particles  will  concentrate  in  th*>  crack  so  i  settle  along  its  edgen.  Their  \ 

radiance  will  reveal  the  defects  in  the  product  surface.  The  abovr  method  i 

is  being  widely  uaed  as  s  quality  control  of  the  high-voltage  insulators. 

There  are  known  also  other  variations  cf  the  defect  detection  by 
luminescence.  Sach  of  them  lead',  to  a  drastic  reduction  of  faults,  and 
raises  the  quality  of  the  manufactured  products.  This  kind  of  defect  de¬ 
tection  is  particularly  Important  for  the  manufacture  of  steam  turbines, 
aviation  and  reactive  motors,  where  even  an  insignificant  crack  or  defect 
on  the  surface  can  cause  a  serious  break-down  when  in  operation.  In  work¬ 
shops,  special  luminescence  defect  detectors  do  the  job. 

Other  'l^rpea  of  Luaincscence  Analysis  of  Detection 

The  luminescence  analysis  has  found  various  apnlications  in  the  indus¬ 
try.  The  luminescence  analysis  of  detection  is  being  widely  used  In  the 
manufacturing  of  optical-mechanical  apparatus  where  it  Is  for  marking 
various  types  of  processed  glass. 

The  radiance  of  glass  is  being  excited  by  short-wave  ultra-violet  rays 
(—300  -  250  a/*)  generated  by  electric  spark.  The  objective  of  observa¬ 
tion  is  the  momentary  radiance  of  the  glass  (r~10“5  sec.),  as  well  as  its 
phosphorescence  (T  10”2  sec.)  separated  by  a  phcsphoroecope.  The  radiance 
of  the  investigated  apeclaena  la  then  coapared  with  that  of  a  set  of  stand¬ 
ards.  In  this  way,  one  can  fast  distinguish  over  **0  types  of  the  optica!  glass. 

With  certain  modifications,  the  above  method  can  be  applied  to  analysis 
on  the  composition  of  emery  where  the  contents  of  corundum  is  being  deter¬ 
mined  by  counting  under  e  microscope  its  bright  luminescing  grains  easily 
discernible  from  those  of  the  other  components. 

The  luminescence  analysis  o*  detection  is  being  used  al6o  in  the 
rubber  industry.  The  production  of  rubber  objects  consists  of  preparat tor. 
cf  a  rubber  mixture,  and  its  subsequent  ,mlc»"izaticn.  In*  rubber  mixture 
consists  of  caoutchouc  and  different  chemicals  which  imoart  to  the  rubber 
product  the  porosity,  elasticity,  flexibility,  water-resistance,  acid- 
rcsistance,  etc.  During  the*  vulcanization,  e  renter  mixtur*-  ;s  cc;-: 
heated  together  with  the  vulcanising  substances  (for  instar.ee.  the  r-iif*  -  . 

One  can  add  to  the  mixture  also  the  vulcanization  accelerants,  and  alr.t> 
some  substance  which  will  protect  the  rubber  from  an  early  deterioration. 

All  the  coaqponents  should  enter  the  mixture  in  a  rigidly  maintained  propor¬ 
tion  if  the  required  properties  of  the  finished  product  are  to  be  as  ex¬ 
pected. 
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Host  of  the  rubber  component a  can  produce  luminescence,  and  thi* 
feature  is  being  used  for  control  of  the  entire  process  and  its  Individual 
*  stages,  and  also  the  check-up  on  the  finished  products.  For  exampl*,  by 

the  color  of  their  respectiee  radiance,  the  rubber  mixtures  can  be  aortel, 

\  the  existence  or  lack  of  a  sufficient  amount  of  the  vulcanisation  acc^l^r- 

i  ants  determined,  a  natural  or  artificial  deterioration  of  rubber-cor trol led , 

etc. 


In  tha  textila  industry,  the  luminescence  analyais  is  being  used  for 
controlling  the  quality  of  colored  deaigns  printed  on  fabrics.  Brightly 
luainescent  dyaa  (fluorescein  and  betanaphthol)  are  baing  introduced  into 
*>e  coloring  aixtures,  and  tha  fabrics  are  being  looked  over  in  ultra¬ 
violet  rays  dlractly  while  baing  printed.  In  this  way,  one  can  continu¬ 
ously  control  tha  quality  of  the  obtained  design,  and  considerably  reduce 
the  number  of  rejects.  By  using  the  luminescence,  one  can  control  the  dyes, 
detect  greasy  spots  on  fabrics,  etc. 

The  luminescence  analysis  of  detection  is  also  used  in  the  pulp  and 
paper  industry.  The  intensity  and  color  of  the  radiance  ir.dicat**n  'he  «  .- 
tent  of  decay  in  the  technical  cellulose,  allows  distinguishing  the  bles-hc-’ 
pulp  from  the  unbleached  one,  young  timber  from  the  old  one,  etc.  Moreo/er, 
one  can  determine  the  moisture  -  and  oil-resistance  of  the  paper  by  watch¬ 
ing  under  an  ultra-violet 'light  how  it  absorbs  the  luminescing,  water- 
diluted  solutions,  mineral  oils  or  fats  colored  with  luminescent  pigments. 

The  luminescence  analysis  of  detection  is  being  used  also  in  other 
branches  of  industry.  For  example,  in  the  cnemical  induetry  it  controls 
the  quality  of  liquid  oxygen  and  detects  lubricating  oils  which  got  into 
it  from  compressors  during  the  air-liquefying  process;  likewise,  the  luz.- 
nescence  analysis  of  detection  controls  the  allowable  contents  of  oil  oro- 
ducts  in  water  in  steam  boilers,  a  factor  whicn  affects  their  com  o:  n- 
tion.  By  observing  the  radiance  on  the  edgee  of  the  insulating  hose  ratter, 
from  the  speed  and  penetration  depth  of  the  oil  or  cruda  oil,  or.c  cn  .’val.- 
ate  ita  resistance  to  both.  The  luminescence  analyais  of  detection  is  e)„o 
very  helpful  in  the  diamond  mining  industry  whare  a  characteristic  radiance 
excited  with  X-rays,  allows  an  easy  separation  of  diamonds  from  other  oin- 
erals  and  rocks. 

117.  The  Luminescence  Analysis  of  Detection  as  Applied  in  Agriculture  and 

Foodstuff  Industry 

The  Luminescence  Analysis  of  Food  Products.  The  luminescence  analysis 
of  detec*. -.on  is  being  used  for  sorting  food  products,  seeds,  vegetable, 
etc. 


By  the  color  of  their  luminescence  on'  .an  detect  wy.',  th  ■  food  pr., 
ducts  start  rotting  long  bafore  it  becomes  visible  under  ii.«:  crdir^  •  li:ht. 
Such  preliminary  sorting  allows  a  protracted  stor'ge  of  rroducts,  a:  . 
also  useful  in  tha  manufacture  of  canned  food.  The  methods  appli««i  r 
are  simple  and  assy.  Tha  product  to  be  analyzed  is  siaply  Illuminati  tc 
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either  ultra-violet  or  short-wave  visible  rays.  In  southern  parts  of  t 
country,  the  sun  rays  are  used  for  exciting  the  radiance.  In  that  co:,.  , 
the  products  should  be  placed  in  the  sun  lualnoscopea  (sec  105* )  -  In 
this  way,  one  can  detect  the  *arly  stage  of  routing  in  cucumbers,  beans, 
cabbage,  potatoes,  oranges,  aandarins,  and  other  vegetables  and  fruits. 
Moreover,  healthy  vegetables  can  be  distinguished  from  those  affected  by 
fungua,  sold,  eurygaster  or  frost.  For  instance,  fresh  aandarins  produce  a 
dark  orange  luainsscence)  those  affected  by  sold  invisible  to  the  huaan  eve 
will  luaineace  In  ths  affected  spote  with  a  blue  light. 

Also  ths  quality  of  other  food  products  can  be  controlled  by  aeane  of 
their  luainescence.  For  exaaple,  the  flour  grade  can  be  established  by  the 
color  of  its  radiance.  The  aore  bran  it  contains,  the  aore  intensive  its 
radiance  which  will  turn  from  light  blue  into  dark  blue.  Ergot  can  be  enMly 
detected  in  the  flour  by  its  yellow-orange  luainescence.  By  using  the  ultra¬ 
violet  rays,  one  can  also  control  ailk,  eggs,  sgg  powder,  fish,  etc. 

Determining  the  Germinating  Power  of  Seeds.  Using  the  luminescence 
analysis,  one  can  by  ellalnauion,  establish  tKs  seed  gerainsting  power  of 
various  agricultural  crops  as  well  as  species  of  tree.  It  turned  out  that 
the  radiance  color  of  seeds  of  oats,  wbsat,  barley,  corn,  flax,  fir,  pine, 
cedar,  etc.,  depends,  to  a  great  extent  on  their  gerainsting  power.  For  a 
better  contrast,  the  cross -sections  of  ths  geras  can  be  colored  by  various 
fluorochroaea.  For  exaaple,  the  barley  gera  is  being  colored  with  a  1* 
soda  solution  of  the  rhodaaine  6ZhUf  dye.  The  germinating  seeds  of  barley 
produce  a  bright  yellow  radiance,  the  germs  of  wheat-yellow.  In  either 
case,  the  seeds  incapable  of  germinating  produce  a  dull-brown  luainescence. 

Another  technique  la  baaed  on  the  use  of  f luorochroaes  -  indicators 
which  change  their  radiance  when  changing  the  aagnltude  of  their  pH;  this 
change  occurs  alMiys  in  the  geras  of  different  germinating  power.  For  In¬ 
stance,  the  germs  of  barley  and  wheat  should  be  colored  with  e  water-alcohol 
solution  of  diaethylnaphthorhodine  (C  »  1»10"^  graa/sllliliter).  After  the 
above  treataant,  under  an  ultra-violet  light,  the  geminating  seeds  will  pro¬ 
duce  a  bright,  light-yellow  radiance,  the  non -geminating  ones  -  a  dull, 
pinx-orangc  luainescence.  Slailar  aethods  pemit  determining  the  gemina¬ 
tion  of  se^da  of  the  corn,  flax  and  oats. 

Particularly  important  la  the  luainescence  analysis  in  the  control 
cr  the  tubers  of  potato  which,  after  they  have  been  stored  for  certain 
F  lodn,  are  bing  used  for  planting.  Here,  one  can  detemine  various  cis-^ses 
of  tns  potato,  as  well  as  detect  the  frosen  tubers;  the  froet-bitte-  spot* 
produce  a  whitiah-blue  rudixnce  easily  discernible  on  the  background  of  •  i 
yellow  or  gray-brown  luainescence  of  s  healthy  tuber. 

118,  Detection  of  the  Hidden  Currents 

Investigating  the  Water  Current.  An  extremely  high  sensitivity  cf 
the  luslneecence  aethods  facilitates  the  detection  of  a  subterranean  link 
between  rivers  and  water  reservoirs.  For  this  purpose,  eoae  tens  of  liters 
of  concentrated  solution  of  any  brightly  luminescing  dye  (for  instance,  ths 
fluorescein)  should  be  dropped  into  oae  of  the  water  reservoirs;  at  certain 

-97- 


int#nral*|  fro*  another  reservoir ,  samples  of  water  are  being  taken  for 
analysis.  Pro Tided  the  two  ^reservoirs  are  Interconnected,  the  samples  wlij 
reveal  the  presence  of  the  luminescent  dye.  The  above  sethod  has  been  ueed 
to  prore  a  link  -etveen  the  two  biggest  European  water  systems:  that  of  the 
rirers  Shine  and  Danube.  The  coloring  of  the  water  with  luminescent  dyes, 
la  also  used  in  t  e  research  on  water  currents  in  the  existing  models  of 
hydrotechnical  installations. 

Investigating  the  Air  Currents.  The  luminescent  substances  are  being 
used  For  investigating  the  characteristics  of  air  currents  existing  along 
the  wind  tunnels.  For  example,  when  studying  the  distribution  of  pressures 
in  a  wind  tunnel,  at  pressures  —  50-20 ^  of  mercury  column,  observation  is 
being  carried  out  on  the  after -radlanco  of  gaaea  (air,  argon  or  helium)  which 
hare  been  preliminarily  excited  with  a  high-frequency  discharge.  Vhen  the 
gas  travels  from  the  discharge  into  the  wind  tunnel,  the  distribution  of  ita 
density  becomes  clearly  discernible  in  the  supersonic  shock  ware. 

Investigating  the  Transfer  of  Sat  stances  in  Biological  Objects  and  in 
Plants.  Similar metkods  are  being  used  ia  the  biological  research  and  la 
the  study  on  physiology  of  plants.  In  the  former  esse,  solutions  of  harm¬ 
less  dyes  (fluorescein)  are  introduced  into  the  blood  stream  of  an  animal 
or  human  being,  and  then  one  can  watch  how  s  substance  is  traveling  in 
the  orgaaima.  In  the  ultra-violet  light,  right  through  the  skin,  one  can 
see  the  spread  of  the  fluorescein.  After  the  flucresceln  has  been  injected 
intravenously,  sad  after  a  certain  tine  necesaary  lor  blood  circulation, 
Individual  orf^&a  (eyelids,  lips,  tongue)  will  adopt  a  greenish-yellow 
color.  Thus,  one  can  determine  the  blood  circulation  tie*  of  healthy  people 
and  those  with  heart  condition.  In  diseases  affecting  the  peripheric  vas¬ 
cular  system,  ns  radiance  appears  in  the  places  with  the  weakened  blood  cir¬ 
culation.  This  feature  is  being  used  in  diagnostics  concerning  en  upset 
blood  circulation. 

Similar  techniques  are  being  applied  for  invest! get rag  the  transfer 
of  substances  ia  living  plants.  The  dye  used  for  coloring  should  produce 
s  luminescence  drastically  different  than  that  of  the  plant  tissues,  usu¬ 
ally,  they  take  either  fluorescein  or  esculln  which  produce  an  lntenalve 
green  or  blue  radiance,  respectively.  The  dyes  are  being  introduced  Into 
the  plant  in  form  of  a  water  or  gelatin i  solution.  In  an  ultra-violet 
light,  one  can  see  the  speed  and  the  direction  of  the  spreading  solution. 

The  Method  of  Harked  Sands.  The  national  economy  is  suffering  a 
great  bars  from  elemental  relocations  of  huge  messes  of  sand  both  on  the 
land  and  under  wrier.  This  disaster  can  drift  over  various  land  installa¬ 
tions,  washes  sway  and  knocks  down  the  coast,  fores  shoals  and  eandoanka 
on  navigational  routes,  etc.  In  order  to  fight  the  above  disaster,  and 
also  whan  building  dams,  harbors,  hydropower  stations,  etc.,  it  is  n*:easr-.ry 
to  anticipate  the  relocation  of  sand  masses  for  a  long  period  ahead. 

These  forecasts  can  bs  composed  by  using  the  method  of  marked  sands, 
worked  rot  by  Matveev.  The  grains  of  natural  sand  should  be  coated  with  s 
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thin  layer  of  transparent  material  containing  a  brightly  luminescent  sub¬ 
stance.  From  several  kilo grans  up  to  aoveml  tons  of  the  narked  aamd  are 
introduced  into  the  sand  mm.  After  *  certain  time  has  passed,  at  various 
distances  from  the  place  the  Marked  sand  has  been  dumped,  saaples  of  soil 
should  be  taken  and  exposed  to  an  ultra-violet  light.  In  this  say,  narked 
oand  grains  can  be  detected  in  the  soil,  even  if  they  are  strongly  diluted 
as,  for  instance, <~'ltlOf  .  By  counting  the  nuaber  of  the  luainescing 
grains,  we  can  determine  the  relative  aaount  of  the  narked  sand  in  the 
sanple.  Thun,  we  oaa  detersine  the  direction,  width  of  the  front,  the  tone 
of  the  naxiaran  intensity,  speed  sad  distance  covered  by  the  reloaoated 
natural  aand. 

If  the  sample  contains  a  high  percentage  of  the  narked  sand,  it  will 
becoae  hard  to  count  the  luainescing  grains.  Bare,  the  analysis  should  be 
carried  out  in  a  different  way.  The  sand  ahould  be  colored  with  fluore¬ 
scein,  2.2 *  -  hydroad phenyl  bensoxaxole  or  other  luminescent  substance  which 
through  non -water  soluble,  will  fora  brightly  luMiaescsnt  liquids  in  the 
alkaline  water  solutions.  Etch  sanple  of  noil  should  be  washed  with  water 
so  that  all  soluble  Ingredients  are  removed ,  and  than  treated  with  l£ 
solution  of  osmotic  soda.  Tbs  noil  will  then  be  filtered  sad  again  washed 
in  waterj  next,  the  radiance  intensity  of  the  filtrate  should  bo  compared 
with  that  of  the  standard  solutions  containing  a  known  concentration  of 
the  asms  lusdaeooent  substances.  By  using  the  above  method,  one  oaa  de» 
tect  the  narked  send  when  dilated  in  the  sanple  in , proportion  of  — 2:i(T. 

11?.  Luminescence  Analysis  of  Detection  as  Applied  to  Paleontology,  Arche - 
oloicr  and  Criminology  _ _ _ _ _ 

Tho  luminesce  analysis  of  detection  Is  very  helpful  in  the  paleonto¬ 
logical,  arehacloglo&l  and  orinino logical  research.  Being  highly  sensitive, 
simple,  and  fast,  It  became  irreplaceable  in  such  investigations.  Another 
Important  feature  la  that  in  the  process  of  analysis,  the  investigated  ob¬ 
ject  is  not  subjected  to  say  dsstruction  or  Modification,  and  remains  in 
Its  original  fora  after  the  analysis  has  been  terminated. 

The  Luminescence  Analysts  of  Detection  in  Paleontology.  Here,  the 
luminM*«nee  analysis  is  used  for  investigation  on  imprints  of  ancient 
animals  and  plants  1a  the  sedimentary  rock.  In  daylight,  these  imprints 
seen  to  be  washed  out.  Vhen  illuminated  with  ultra-violet  light,  the  im¬ 
prints  start  lmdneeciug,  and  thus  one  can  see  the  structural  details  of 
the  prehistoric  animals  and  plants. 

The  Lualneactoce  Analysis  of  Detection  in  Archeology.  In  archeologi- 
eal  investigations,  the  luminescence  allows  the  determination  of  worn-out, 
faded  or  eroded  spots  in  ancient  manuscripts  and  documents.  Usually,  it 
la  sufficient  to  11 'animate  the  affected  areas  with  ultra-violet  rays. 

Bow ever,  if  the  letters  have  been  written  in  ink  containing  aniline  dyes 
(aethylene  violet,  aethylene  blue),  the  above  method  does  not  produce  a 
satisfactory  result.  Then,  the  infra-red  luminescence  of  the  document 
shoal*  be  exulted  by  the  viol'  le  rays  of  a  powerful  incandescent  lamp,  and 
a  picture  of  the  daooasat  takea. 


In  this  w^y,  one  can  restore  the  text  which  became  invisible  in  ordin¬ 
ary  conditions  dee  to  fading  of  the  dye  contained  in  the  Ink.  The  above 
method  will  also  reveal  the  faded  areas  of  a  typewritten  text.  By  using 
the  luminescence,  one  can  also  detect  the  early  stages  of  the  paper  being 
affected  with  fungus.  Luminescence  is  being  applied  in  laboratories  for  pro¬ 
tecting  or  restorin  \  various  documents. 

The  Luminescence  Analysis  of  Detection  in  Criminology.  Particularly 
important  is  the  luminescence  analysis  for  criminology,  forensic  chemistry 
and  forensic  medicine.  It  is  being  widely  used  in  the  court  practice  where 
it  unmistakenly  detects  various  forgeries,  erasures  and  other  traces  of 
foul  play.  These  methods  are  based  on  illumination  of  the  objects  with 
ultra-violet  rays,  and  watching  their  radiance.  As  a  rule,  each  substance 
produces  its  own  characteristic  luminescence.  For  example,  it  is  almost 
impossible  to  find  two  types  of  paper  which  would  produce  a  similar  radi¬ 
ance.  In  this  way,  one  can  establish  the  authenticity  of  valuable  docu¬ 
ments,  notes,  shares,  etc.  The  minutest  tampering  becomes  visible  to  a 
naked  eye.  Particularly  distinct,  are  the  marks  on  a  water-lined  paper. 
Figure  214  serves  as  an  illustration.  Tlv  forgery  of  the  date  is  clearly 
visible  in  the  pioture. 

In  a  similar  way,  one  omn  detect  also  other  type*  of  forgery.  As  we 
know,  the  surface  of  marble,  bone,  glass  and  other  materials,  after  it  has 
been  exposed  to  air  for  a  long  time,  starts  producing  n  characteristic 
luminescence  which  only,  slightly  resembles  the  radianco  of  recently  manu¬ 
factured  objccta.  In  this  way,  one  separates  the  authentic  art  objects 
from  forgeries  of  a  more  recent  origin.  Similarly,  oue  can  detect  the 
traces  of  tampering  with  old  paintings,  invisible  in  a  daylight  but  easily 
recognisable  in  the  ultra-violet  rays.  Thus,  one  can  verify  the  original 
signature  of  the  pa la ter,  and  also  study  the  history  of  the  painting  by 
observing  the  radiance  of  paints  applied  after  the  work  has  been  finished. 

The  luminescence  analysis  can  reveal  the  text  of  a  letter  written  with 
the  ink  Invisible  under  ordinary  conditions.  Figure  214  b,  shows  a  picture 
of  such  a  letter  whose  text  is  elearly  risible  under  the  ultra-violet  light 
(white  letters  on  a  dark  baekground).  One  can  also  restore  manuscripts 
over  which  ink  has  been  spilled.  Here,  the  text  should  be  covered  with  a 
special  luminescent  compound,  and  then  illuminated  with  an  ultra-violet 
light-d*~fe  letters  of  the  overspilled  aree  will  appear  on  a  brightly 
luminescent  background. 

By  using  luminescence,  one  can  detect  various  spots  on  fabric,  cloth¬ 
ing  and  other  objects.  In  this  way  one  can  detect  spots  of  blood,  saliva, 
perspiration,  urine,  grease,  etc.  The  grease  on  fingers  produce  very  clear 
luminescent  fingerprints.  The  lualnesce  analysis  can  detect  traces  of  the 
gun  oil  around  the  bullet  hole,  compare  different  fabric  threads,  and  per¬ 
form  many  other  investigations  associated  with  criminology. 
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